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PREFACE 

In October 1045 the War Department (later, Department of the 
Army) quested the U.S. Geological Survey to undertake a program 
of volcano investigatio~ls in the Aleutian Islands-Alaska Peninsula 

4 area. The first field studies, under the general direction of G. D. 
+. fibinson, were made during 194648. The results of the first ~ertr's 

field, l a h t o r y ,  and library work were hastily assembled as two 
drninistrative reports, and most of these data bave been revised for 

L 
publication in Geological Survey Bulletin 1028. Part of the early 
work was published in 1950 in Bulletin 974B, "Volcanic Activity in 
the Aleutian Arc,'" and in 1951 in Bulletin 089-A, "Geology of 
Euldir Island, Aleutian Islands, Alaska," bth by Robert R. Coats, 
During 1949-54, additional fieldwork was carried out under the 
direction of H. A. Powers. Unpublished d t s  of the early work 
and all the later studies are incorporated as parts of Bulletin 1098. 
The geological investigations covered by this chapter of Bulletin 
1028 were reconnaissance, md most of the results were writhn in 
the present form by 1958. The factual information presented is 
believed to be accurate, but many of the tentative interpretations and 
conclusions will be modified as howledge grows. 

The investigations of 1946 were supported almost entirely by the 
Military intelligence Division of the Office, Chief of Engineers, 
US. Amy. From 194'1 to 1055 the Departments of the Army, Xavy, 
and Air Force joined to filrnish financial and logistic assistance, The 
Geological Survey. is indebted to the CHice, Chief of Engineers, for 
its early recognition of the value of p l o g i c  studim in the Aleutian 
region, and to the several military departments for their support. 
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INVESTIGATIONS OF ALASKAN VOLCANOS 

GEOLOGY OF THE NEAR ISLANDS, 
ALASKA 

ABSTRACT 

The Near fhllands, westernmoat group of the lllentfaa Islands chain, are am- 
wed of volcanic and sedimentary mcka and minor amounts of fntruaive rocks 
ranging from powible Mesozoic ngc t h m g h  late Tertiary or early Quaternary 
age. Six formations arc herein nnmed. Unconmlidated surficjal deposits of 
Qaaternarg age m r  on all the Man&. In contraat: to most of the rest of the 
Aleutlan lalands, the Near Idands do not have any Holmne or bistDrieally 
active volcanoes, and their prMent morphological character was dckmined 
main4 by pregIacia1 marine and subaerlal erosion. 
The isltlnda rise from a mbmerged platform, probabIg planated largely by 

marine action, and form the erest of tbe long arc-shaped Aleutian 'Ridge. The 
north flank of the ridge Ls npparently a &eap fault scarp descending to the flat 
Bering Sea floor. The south flank is less steep and ia deepIy indented by sub- 
marine cangone d probable tectonic origin; i t  Is 8eparated from the Padllc 
Ocean floor by the Aleutian trench. 

Most of Atto Island is made up of coarse marine clastfc rocks, laminated chert 
and argillite, and submarine pyrmlastirs and pillow lnvas, many of which are 
spilitlc or keratopbyrlc. Locally the voIcanic rocks h v e  been metamorphosed to 
amphibolite. Thew basement rocks are late Mesozoic or early Tertiary In age. 
The younger Nevidiskov Formation is chfeflg marine conglomerates, and the 
overlflng Chnuikmk Formation i a  predominantly flne-banded siliceone and limy 
marine argillltes and slItstones. The Chirlkof Formation, p ~ l b l y  qaivalent  to 
the Nevidiskov or Ghunlksak Formatimu, i a  chiefly marine conglomerate#. The 
Xasaacre Bay and Faneto Formations contain mainly subaerial congTomerate 
and volcanic rocks, Diabaae m d  grlbbro form prominent siIls and dikes cutting 
tbe Chunfbsak and older formatiom, ~ n d  small albite ~rani te  pluton~ are aago- 
ciated wltn some of them. Rmblende porphyry intrndes tbe Massacre Bay alld 
older formations and la distinctly younger than the diabase. 
On Agattn Island the basement rocks are flne-banded aI1Ieeons marhe sedl- 

meah, pyroclastica, and mafic (in part apilitic) lavas. The slfghtly younger 
Kruglol Formation includes only minor amounts of Iwas, The bnbasement rmka 
and the Krug101 Formation are of late Mesozoic or earl$ Tertiary a$s and pos~i- 
bly are the same age as parts of the bbawment roch of  Attu. Diabase I s  the 
predominant fntruBi.ve rock on Agattu, and rhyodacite gorghgry is  subordinate. 

709 
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On memga Island the basement rocks are marlne aedlments and mmlastlcn 
and Lavau, of Tetlary age, wbich are possibly equivalent to the Mamcre Bay 
Formation of Attn. A yoanger sequence of kdded tuffs is of Tertlary or Qua- 
ternary age. Shallow Intrasives include hornblenrle dactte porphyry and basalt. 
The structure of the New Islanh h domlnat~d by fault# that appear to be 

mostly of the normal and strike%lip types. The reglonal structnre on Attu 161 
greatly obscured became of the abundance of faulta and the lack a i  shanRrapblc 
marker beds. On Agnttn the regional picture is that of a broad anticline plnnfing 
gently mntheaet, with gome minor drag folding. A hleEorg of  frequent Mnnfc  
movements is ahown by upraised marine planrtted platform oZ hoth preglacinl 
and postglacial age; similar platforms below present sea level are I n i ~ r M  
from detnlld mbmarine topography. Uneroded low fault scarps a c w  uncon- 
soudated d e w i t s  fittest to  the recency of some tectonic movemwta along old 
fault mnes intermittently active rrince late Tertiary. 

Tbe effects of only one glaciation, pre~mnably that oi late Wimnslnan Age, 
can be seen, althaugll very probnbly them were sweral previom glaciations. The 
maximum extent at the ice was well beyond the pteereot ~borellnes. Ellnce the 
waning of the ice, &earn erosion and dewition haTe been slight. Frmt action 
bas been the chid poatglacial agent in the breakdown of m a c e  rocks and 
movement of material down ~Iopea. 

Recent marine erodon haa cut prominent flat shore phtforms in rock at tide 
level. These platlorn are backed by steep dmm, and aome platioma are as 
much aR a quarter of ft mile wide. They are m b l y  the combined result of 
breakdown of the rock by d r w t  nctlon and removal of &integration pmlucts by 
 tom wavea. 
The geologid Wrg of the Near Ialancb area may be summarized a B  fol- 

lows: In late Mesozoic time and probably contlnning into earIy Tertiary time, 
deposition of marine finegrained 8edimenta and conglomerate8 waa accompanied 
by copiona mbmarine etnptiona of mafic lnvas and pyrocIastics. In early Tertiam 
time, deposition of more marine banded Rae-grained wdlrnent~ wae followed by 
lntszurion of diabase dikes, ~ i l l s ,  and minor m a  grnnite nnd keratophnlc boclies. 
In middle T e r t i e n  time, general apllft brought the aepmlts up to and above sea 
level, and then a long period of mbaerlal and m a h e  erosion enaued. AndesItIc 
larm and pyrocIastic8 predominate among the upper Tertlary igneoua rmka, and 
these are associated with generally subaerlnl Redimentaqy deposits. Pleidocene 
ice ~pread from island centers beyond the present ~horellnefr, l e ~ v i n g  few deposlt~ 
on lama. 

The Near Islands are: the westernmost group in the chain of 
American Aleutian Islands extending southwest and west from the 
tip of the Alaskan Peninsula (fig. 105), The group consists of Attu, 
Agtttu, Shemya, Maid, and Nizki Islands; the last three am h o w n  
as the Semichi Islands. The Kear Isl~nds p u p  form a triangle, 
with Attu at  the mestern corner, Agattu at t.he southern corner, and 
Shemya at the eastern comer. Agattu is about 25 miles southeast of 
Attu, and the Semichi Islands are about 20 miTes east-southeast of 
Attu. The group lies between long 172"B' and 174"12' E. and 
between lnt 62'"2' and 53'01' PJ. Attn hns an a m  of dmut 300 square 
miles, and Agattu, about 50 square miles; the three Semichi Islands 



each have an area of less thnn 5 qtlare miles. .Attu, Agnttu, and 
Shsmys, were mapped by mnnnissance methods during the aum- 
mers of lD4D and 1950 as part of o mapping p m p m  in the Meutim 
Islands by the U.S. Cmlogical Survey. Maid and Nizki Islands 
mere not investigated. 

The Kear Islands tire relatixtely inaccessible. Shemya h 1949-60 
was a dueling stop on rnilitwy m d  comrnerci~l air routes to nnd 
fmm Japan. h W.S. Coast Guord cutter or U.S. Navy vessel called 
masionally at Attu nnd Shemya but not at Agattu. Transportation 
for the US. Geological Survey parties to and from the Aleutians 
mas provided by the h2ilitary Air Tramport Service, and tmnspr- 
tation from camp to camp Ivns provided by the US, O.eologimJ Sur- 
vey vessel Eger ,  which each ntmmer made the voyage from Seattle. - Weather and logistics restricted the field season to ab011t 2 months 
each mrnmer. Personnel in the 1949 field season wem IHoward A. 
Powers, Rny E. 7Tilcox, Frank 11. nyers, Jr., Olcotk Gates, Gwrge L. 
Snyder, Edgar J. Elujzer, Hardd Drewes, and William J. McMannis. 
In the 19.50 field wason, geologists mere Powers, Wilmx, Eak,  
Snyder, Drewes, John P, Schafer, Samuel I,. Moore, C. 1;. Sainsbury, 
Richard J. Ronpy, and C. Dean Iiinehart. In addition, daring the 
1 950 serrson Philip C. Scruton carried oat a program of meanopaphy 
in the Near Islands area from the U.S. r;8ologiml Survey vessel 
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Efder through n cooperntive ngmment with Scripp Institution of 
Oceanopphy. 

The topogrnphic bnse 111nps used for Attrt nnd ,Shernyn sere made 
by the US.  Army Slnp ,Service n t  n wale of 1: 25,000 snd hnd n 
50-foot conto~~r interval. Those l lserl for Apttu  ~ c r e  11npublisIled 
maps made by the C.S. <,'onst nild Geodetic &trrey nt R scale of 
1:20,000 nnd b ~ d  n 80-foot contour interra]. Tmationa were rnnde 
by inspection of b p o p p h y  nnd by nneroid bnrometer. Time wns 
not nvnilnbte to mnp tIts geology in ns  mnclr detail ns t.he mnp scales 
might nllom, nnd the nmottnt of detail find the nccaracy of the map- 
ping, particulnrly or1 Att11, depended n p e n t  den1 on the nccesibil ity 
of the termin, the n-enther, and logistic problems. 
In the east~rn quarter of 11ttz1 rt few military roads were still 

umbla nt the time of this reconnnisst~nce. The rest of the islrmd wns 
~vithout roads or trnils, mnrl tmnsportntian xvns by foot over mggd 
and monntrtinous termin or by ship nlong the alloreline and small 
bont to landings in protectwt cnreq, Agnttn is less rnwntnino~ts than 
Attu and was completely ~ v i t h o ~ ~ t  mnds. Shemya is f l 2 k t  nnd has n 
dense network of roncls and ~irstrjps. 

The vmsel supporting the field~~ark wns the Eider, nn 80-foot 
diesel-powered f omer hnl iht-fishing schooner cnrry ing n crew of 
six, including tho rnnster. Thc most common field procedure waa to 
land R. pnrty of four nt the ]lead of n conveniently locnted bay or 
cove rand there establish n base camp. From the base cnmp the men 
work4 in pairs, either on dny trnverm or to  temporary camps. 
Radio conkacts were rnnde periodicnIly wit11 the Rider and with other 
base campe; nnd when na rnllcli territory M fensible had been covered 
fmm the bnse camp, the Bider ret~irned to  move the party to the site 
of the next camp. In this manner most of the nrsn of the islands 
co~lld be reached by tr~riemes dong twaches, valleys, m d  ridges. A 
distinct disndv~ntnge of  the procednre mas the lack of opportunity 
to restudy n, puzzling area nfter obtaining stratigraphic or structural 
keys from other nrens examined Inter, or to  visit nnd compttre areas 
covered by other members of the pnrty. 

Ilogistic and financial support f roln the United Stnt~s military 
force3 made the project possible. Complete cooperation was given by 
IIeadquartere Alaskan Command, Fort Ricl~ardson, Alaska; the 
Nilitary Air Trnnsport Command ; the Commanding Officer, Nwal 
Oper~ting Bw, Adak; Comin~nding Oflcer, Shemytl, Air Force 
h s e ;  and tlie Otficer in Chnrge, U.S. Naval Weather Station, Attu. 
The U.S. Geological Survey field parties were very fortunate in 
having competent help from Master Carl Vevelstad, engineer Charles 
Best, snd crew of the U.S. Geological Survey motomhip E i d e ~  in the 



GEOLOGY OF  TAR ISLANDS, ~ K A  713 

many difficult. beacli I~ndings nand in aerial allpport of the field 
parties. 

The dimate of the Nenr Islmds is vet find stormy, and low clot~ds 
and fog me wmrnon. Summers are cool nnd winters arc moderate. 
The following cfat,a (U.S. Army Air Force, 1045, p. 14, 16) on Attn 
(Alexni Point) and Shemyn cover 22 months in 194345. 

A m  
Mmn annual temperature - - - - - - - - - - - - - -  38.4' F. 
Lowest monthly mean temperature- - - - - - 29.4' (Jan.) 
Highest monthly mean temperature.- - - - - 51.0' (Aug,) 
Absolute maximurn temperature - - - - - - - - -  63.0' (Aag.) 
l lb~oluto minimum temperature ---------  13.0' (Mar.) 

- f Mean annual precipitation - - - - - - - - - - - - - -  43.56 in. 
Mean annual snowfall - - - - - - - - - - - - - - - - - -  111.4 in. 

memr 
38.g0 F. 
30.2" ( ~ n n 3  
50.0* (Aug.) 
60.0° <(~rrg.) 
18.0' (Jnn.-Mar,) 
24.75 in. 
67.2 in. 

nuring the summer mo~lths visibility is less than 2 miles ~ b o ~ l t  40 per- 
:# c w t  of the time, nnd over t,he whole year it is 1-s than 2 miles a h ~ t  

20 percent of the time, Avernp wind velmity during June, July, nnd 
August is n h l t  14 miles per ]lour, and for the mI101e PRP it is nhut  
18 miles per hour. Snowdrifts remnin at  ~ l t  itl~des as low ns 400 feet in 
rnid-Jnne, and snow remnins nll summer in gr~llies and on sllrtded 
dopes of the rnolrntninor~w fleas d ~l t i t l~des  above 1,500 feet. Cloud 
ceiling at  n h n t  500 to 1,Oof) feet much of the time during the summer 
eflectirelg obscures the monntninws nmns. Frequent cyclonic storms 
begin ta sweep the Aleut inn Islnntls in September. 

Tl~e predominant soil t y p  of the Nenr Islands is tundra (Rellogg 
nnd Nyg.ard, 1951), and the Innd vegetation is limited to low-growing 
forms, clomlnantly rn-s, lichen, fnngi, Fnsses, low shnibs, and n 
profusion of wildflowers. A thick blnnket of saggy turf grows in 
areas nt low altitudes that have enongli soil for n roothold, sncll ns 
in the nlluvinted valley Imttoms, in nrens of ground moraine, or in 
amas of wsidual m k  mantle. Grns4cs nre plentiful along the beaches 
at the mouths of the main valleys, csp~inl ly  on Attu, where some of 
the grasses in the f l ~ t  vvalleg flrmrs ~t~ttnin a heigllt of at least 6 feet. 
Areas at altitudes above 2,000 feet, except tl~ose that nre pmtectd 

m and on dormant talus slop~s, nro pnerall y fraa of the soggy turf. 
Animal life indudes an nbundnnce of SPA birds and faxes. Insects 

are few, and biting insects, such ns moqaitoes, are absent. Sen and 
littoral life consis& of ~ 3 %  lions, seals, p o r p i ~ ,  mh~les, nn nbun- 
dance of sea urchins and gpstropds, nnd t~ variety af pelecypds. 
Dliring August many salrnol~ and Dolly braden trout, can be found 
in the lower parts of the main streams, but strictly fresh-water fish 
were not observed. 

No Aleuts inhabit the h'ear Islands at  this time, TEre village of 
Attu at Chicagof Harbor was destroyed during 7TTorld War 11, and 
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no natives have returned to the island. Many Aleut middens scattered 
along the shorelines of the islands indicate a former native popula- 
tion of considemble size. Most of the middens are; on the pastglacial 
m k d  wm-cut benches that girdle the islands %bout 6-10 feet above 
present mean tide level and especially on low points haling mndy 
or gravelly beaches. 

Very little has been published concerning the geology of the Near 
Islands. Capps (1934) described the general pmorphology of Attu 
and some of the rocks in the vicinity of Chicngof Harlwr. Coats 
(1956) gave a few brief notes on Attu, based on mconnalssance ; and 
Shttrp (1946) gave a few notes on Agattu, based on a short visit. 
Kondo (1931) briefly described an dbite granite collectd from 
the north shore of Attu. Gates and Gibson (1956) described and dis- 
cussed the submarine topography of the Near Islands, and Qcn~ton 
(1963) discussed the bottom deposits of the. Hear Islnnds shelf. 

STRATIGRAPHY 

The basement mcks (pl. 80) are submarine pyroclastic rocks, 
columnar md piIlow lava flows, and marine argillites, andstones, 
pywackes, and conglomerates. In some areas the volcanic rocks are 
spilitic or keratophyric ; in other areas they have been converted to 
amphibolites. T h e  total thickness of the basement rocks is more tbnn 
7,000 feet, and their age is presumed to be late Besomic or mrXy 
Tertiary. 

The Nsvidiskov Formation of middle Tertiary age, which lies 
unconformably on t,he basement rocks, mnsists of about 1,000 feet of 
conglomerate. Overlying it in gmdational contact is the Chuniksak 
Formation, of possible Miocene age, which consists of several thou- 
sand feet, of fine-pained laminated siliceous, argillitic, and limy sedi- 
mentary rocks. 

The Chirikof Formation, near the eastern end of the island, con- 
sists of conglomerate, mndstone, n few carbonamus shale layers, and 
possibly one lava Aow. Tlie Ckirikof is nowhere seen in contact witli 
the other formations, but it  probably rests unconfomably on the 
basement rocks and may be equivalent in ~ g e  to the Nevidiskov or 
Chuniksak Form%tions, 

The Massacre Bay Formation consists of subaerial lnvn flows, 
pyroclastics, and coarse clnstics, 500 feet or more thick, resting 
urnconformably on the basement rocks. Its age is late Tertiary or 
early PIsistocene. 

I W c  are Indebted to Prof. H. Bnno of the Qeologlcal Inatltute. Tokyo Unlverdty, 
for calling this paper to our attention and for fnmishfng an English translatiw. 



The Faneto Formation consists of about 1,500 feet of' cmm red 
subaeriltl clastics that lie nnconfombIy on the Chuniksak For- 
mation and the hssment rocks. Its age is l~te Tertiary or early 
Pleistocene. 

The old& intrusive rocks of the region are represent4 by isolated 
occurn?nces of blocks of albite p n i t e  in tuffs and l a v ~ s  of the 
bawment mb. Sills, dikes, and irregular small bodies of g~bbro 
and dinbase, ns well as wveral smrcll bodies of albite gmnite, are 
probably of middle Tertiary (perhaps 3Iiocene) age. Possibly Borne 
that cut only the basement rocks, for example, may he cornspond- 
ingly older. The wattered small dikes and stocks of hornblende 
andesita and dacite thnt cut the basement rocks and the Nevidiskov 
and Chuniksak Formations may b equiv~lent in age im tohs hf~ssacrn 
Bay Formation (late Tertiary or early Pleistocene). Quartz kerrrto- 
pllyre dikes range in age from early Tertiary to early Pleisbcme. 

w Veins of pyritic mineralization cut rocks of a11 a p  up to the 
Pleishene gravels. 

BASEMENT ROCKS 

The oldest, thickest, nnd   no st widesprend mks on Attu are sili- 
ceous and rtrgillaceous marine sedimentary rocks, conglnmerates, and 
submarine lava flows and pyroclastics. The mapping w t ~  not suf- 
ficiently detailed to unhngle the complicated system of f n ~ ~ l t s  nor 
the rapid fncies chrtnges. The 7,000 feet of scnttered and ~mcorrel~bd 
measured sections include but n fmction of the total thickness of the 
rocks exposed. Probably a thickness of 10,000 t o  15,000 feet is not too 
high an estimate. 

SEDIMENTARY ROCKS 

Detritus in the basement rocks is at Ileast ns p t  in volume ns 
the pymclastics and lnvns. For purposes of description the sedi- 
mentary mh am here divided into two types: fine sediments 
(medium-sand particle size or smaller) and coarse sediments (coarse 
sand up to cobble conglomerate). These t ~ o  types are shown sepa- 
rately on the geologic map, plnte 80, where known. 

The fine-pined sedimentnry rocbchert ,  siliceous siltstone, 
argillite, limestone, and fine tnflnceous g r a y w a c k m c e ~ ~ r  in thin 
varicolorad blnck, gmm,  red, yellow, and gray beds. Some beds rare 
mreral inches to sewral feet thick with graded hxh~ms; othes are 
thin laminae as sharp and fine ns n pencil line (figs. 106 and 107). 
hiany chert, nrgigillite, silty, and tuffaceou~s beds, some only I inch 
or so thick, cnn be traced for hundreds of feet along the strike. 0th- 
em, however, form short lenses in conner sedimentary rocks. Con- 
voIute or intricately folded hdding is common; in many places the 
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folds are confined to several beds betwwn d e f o m d  M s .  Some 
of the siltstone and fine-grained pgwzacke beds show small-scale 
cm&edding, slight erosional mconformities between be&, and mud 
chip or mud balls along their bases. Situilar structures have h e n  
cited by Kuenen ( 1953) as typical of sediments deposited by turbid- 
ity currents. 

These he-grained sedimentary mEGS occur as thin laminas in 
coarse tuff beds, as contorted lenses in pillow lavns, and as groups of 
bads a few feat to  several tens of feet thick intercalated with pillow 
lavns, imam gmywacke, and conglomerate. n e y  ndso form contimi- 
ous well-bedded sequences several hundreds of feet thick that are 
overlain and underlain by volcanic rocks and coarse elastics. 

Under the microscope, these fins-grained silicmus sedimentary 
rocks are seen to be made up of minute fragments, usually nngular 
to subround, of quartz, feldspar, chlorite, pyroxene, nnd opaque ma- 
terials in a matrix of isotropic material (silica?) and scattered lenses 
of green chloritic material. Many have irregular bIotches of epidote 
and calcite that are apparently secondary. The limestones contain 
widely mattered fragments of t.he same materials. Calcareous Foram- 
inifera, diatoms, and siliceous rndiolarin nre seen in many of the 
slides, but their state of preservation is too p r  to permit specific 
identification. 

Tnough many of the fmgmenb seem to  be products of weather- 
ing of lava, some angular fragments of fresh feldspar and pyroxene 
rnny be broken crystals from tmweathered fine pyrocl~stic material 
and may be either primary or reworked. However, them is n general 
a h n m  of glassy shards, and the amount of quartz exceeds pyroxene, 
jn contrsst to the relative pmpnderance of pyroxene over quartz 
in most identifiable asswiated tuffs. 

Coarse graywmke and mnglomerate, interbedded with pillow 
lavas, pyroclastics, and fins siliceous d h e n t a r y  rocks, are ape- 
cialIy common in the basement rocks in the triangular area Getween 
Rresta Point, Bfikhail Point, and Austin Cow. In contmst ta the 
variricolored siliceous dirnentary pocks, the gmywacke and con- 

1 

glomerate outcrops am generally n drab dark gray, grayish purple, 
or grayish p n .  The p y w w k m  form thin M s ,  with gmd sorting, 
some crossbedding, and slight scouring and erosional irregul nrities 
betmen beds. In many p I m  they fire interlayered with siltstons, 
nrgillite, and small-pebble mnglomernte. The pebble-and-cobble wn- 
glomewtes generally have thick cruda irregul~~r bedding, poor 
sorting, and many lenses of coarse graywncke or small-pebble 
condomeFRte. Many conglomerate beds nre massive, a jumble of dl 
grain sizes, witl~out definite sedimentary struetura 

401-858 +TI-2 



Rock fragments, primarily of bssaltic and hmtophyric lava, 
m g e  from ttery m d  (suggesting bench mtarial) to subangular. 
Other rock typa repmntedl are tuff, tuff-breccia, laminated siliceous 
rock, argillite, limestone, p y ~ ~ a c k e ,  and pebble conglomerate. All 
are rock types within the basement mh; no fragments of potash 
feldspwr, mica granite, @ss, or schist were found. Jfany of the 
conglornemb berZs have a green tuffrrceous and chloritic matrix mg- 
gesting intermixing of pymlastic mate.rial with other detrital mck 
fragments. Other conglomerates hwe a sandy or mixed sand and 
clay matrix that is apparently mostly detrihl. The matrix of con- 
glomerate adjgcent to nlbite granite or gabbm intrusive rocks is 
lml ly  so recystnllized, feldspathized, rrnd silicified that the original 
composition and details of texture are obscure. 

PYROCWSTE ROCKS 

Beds of bamltic, spilitic, and keratophyric tuff ~ n d  lapiIli ttrA 
are numerous, and in some rims of the brrsement mks, as at Casco 
Point, they eqnal the pillow l a w  in apgmpte t.hickness. Tuffs in 
the basement rocks are found in all parts of the island but  am mmi 
abundant on Chirikof Point, in the nrea between 31ltssacre Ray and 
Temnac Bay south of Peaceful Valley to  Temnac Point, along the 
west shore of Temnac Bny, and in the aren between Holte Bny and 
Austin Cove on the north shore. 
The intarbedding of pyroclestics with pillow flows ttnd fine marine 

sedimentary racks shows t h ~ t  the environment of deposition was 
marine, Red thicknesses range from a few feet to  as much ss loO 
fmt. Some beds are rnnssivo nnd show no indication of sorting. Others 
have bedding that grades from conrse bomb-filled IapilIi tuff at  the 
base to a fine silt-size tuff at the top. In still others, bedding is dis- 
tinct and there is a marked difference in grain size between adjacent 
beds, Some mntads between beds are irregular and apparently indi- 
cnb  scouring by slight erosion ; other cont~cts are sharp and straight. 
h n s e s  and streah of pyroclnstic material, of different gain size 
than the enclosing mnterial, wander through some of the tuffs 
irmgt~lnrly but generally us cnidely developed crossbedding. Somo 
tuffs are finely laminated with individual laminae only two or three 
grains thick. A conspicnous feature in seveml fine-grained tuffs is 
the contorted and intricately folded bedding, indicating deformation 
prior to conmlidntion. 

Submake volcanic aggIomemtes and breccias Rre associated with 
the basaltic and keratophyric tulEs of tlie basement mks. On the 
south shore of Murder Point R volcanic breccia is well exposed on a 
wnve-cut bencl~. hgullar ta subround blocks, as much as 1 foot in 
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diameter, of basalt, kerntophyre Eavas, and rarely albite granite are 
imbedded in a mottled pale-gmn and white tuff matrix. The crude 
bedding is much contorted, folded, and minutely faulted. Volcanic 
breccia8 extend along the north shore of Attu west of Austin Cove to 
Rresta Point. Thew are assminted with pillow flows, graywackes, 
and coarse conglomerates. h r g e  rock fragnents consist of several 
varieties of porphyritic lavas. Matrices ~ r o  less tuflaceous than the 
b m i a s  ~ssociated with primarily tuffaceo~is mahrial. 

The basnltic tlrffs associated with the basement la\-as and sedi- 
mentary rocks, especially in the vicinity of Theodore Point and 
Chirikof Point, offer an interesting variation of mild alteration 
effech. In hnnd specimens and outcrops they have an oily dark-pen  
color. Under the microscope it is seen that augite has remained unaf- 
fected but the plagimlase ha4 been convert4 to ~nalcite, and analcite 
fills interstices, Tlia original basaltic glass in the pyrocla~tic material 
llaa ken  converted to R p n  to green-brown birefringent pubstance 
which resembles the nontronitic alteration of basaltic films described 
by AlIen and Scheid (1946). These basaltic tuffs are similar to those 
of Agattu Island, 0-6 wliich representative specimens have &en 
chemically analyzed, nnd are described in the section on the basement 
mPcs of Agattu. 

W V A S  

Pillow Iava flows are canspicuoas in the basement rocks nnd are 
excelIentIy exposed on Murder Point nnd Ssnders Cape, The flows 
r a n p  in thickness from 1 foot. to  several tens of feet, and they are 
generally black, dark purple, or purplish green. Individual pillows 
range in longest horizontal dimension from 2 to 20 feet; 3 to B feet 
is the predominant size range, Shape of pillows ranges from almost 
round in cross sgction to flat ellipsoidnf, like a partly inflated balloon 
with R flnt bottom and ~t curving top. Encli pillow has an outside 
gltassy-appearing selvage a fraction of an inch thick in small pillows 
and 3 to 4 inches thick in large pillows. This selvage is commonly 
we11 jointed prpendicnlnr to the surface of the pillow. Inside t.he 
pillow, jointing may or may not be conspicuous; but if present, the 
joints have n rongllly radial puttern. In addition to the radial joint- 
ing, amygdaloidsl or porpl~yritic pillows have rt concentric layering: 
of arnygdules parallel to the pillow surfwe and consisting of var i~-  
tions either in siza or in concentration of arnygdules. 

In some pillow flows, t . 1 ~  individaal pillows fit tightly together. 
In mm, however, there are crudely tetrnhedml spaces htween 
pillows, and these spaces arc filled with varicolored chert, chalcedony, 
red jasper, or calcareous mud. This mud is also found in cracks and 



~wgs within pillom. In n few flow, notlsblp those on Murder Point, 
d limestone fills spaces between pillows and may ~lrnost surround 
m individual pillow. Highly colored nnd banded siliceo~~s argillitic 
sedimentary rocks underlying some pillow l a ~ a  flows %re contorted 
nnd have irregrdxr offsl~oots squeezed apwrld into the spaces between 
the orerlying pillo~s. At the base of one pillow flow, individurrl 
pillows were found bnried in siliceous muddone md isolated from 
the p a n t  flow &om. n I ~ n y  flows haw contorted laminar silim~is 
sedimentary mLT between pillows, wlich sngpts that soft m tt ds 
had been tmpped and carried along by ths flow. Cms or two flows, 
which apparently were injwtd inta muds, contain contorted and 
irregular fine1 y banded sediments both above and below. Sereml of 
the pillow fl o m  obsem-ed Eta\-e rt~bbly tops; others have smooth 
knobby tops, preserving the upper contotzrs of the top pillows, and 
am overlain by paralleI-bdded fine sediments wl~icll extend down 
into openings betwmn pi1lows. 

A few I a n  flow hiwe excellent polypnal columnar jointing 
perpndicular to the surfam of the flow. One flow on Murder Point 
has m1 nmnar jointing ~nnits within exceptionally I ~ r p  pi1 lows, In 
a flow at Case Point,, the basal half has columnnr jointing and the 
upper half has pillow structure. 

me pillom 1a-r.w are mostly basaltic and have a variety of textures, 
including porphyritic, s~lbophitic, and ophitic. Mnny are of spilitic 
character, in that their CRIC~C plagioclase is wholly or pnrtly Jbite 
nnd their soda content is somewhat l igl~er thnn that of ordjnary 
M t .  Many of the plrtgioclase crystals ha\-@ rims sf clear atbite 
around cow of cloudy albite flecked wjth epidote, prehnite, sericite, 
and carbonate. In some rocks, islands of clear Iabr~dorite rernnin jn 
crystals otherwise made np of the dusty albite. The pyroxene is 
nugitic, and most of it is clear and ~ m a l t e d .  It includes crystnls of 
black opaque oxide. Some mks contain bowlingite pseudolrlorpls 
after olivine. Varying amounts of fine-grained green and brown 
m&terials are present in the ptmdmass dong with the pl>lngioclnse, 
pyroxene, and opaque oxide. 7~olites are abundant in the basalts nt 
some localities, as at Theodore Point. A variety of textures fire 
exhibited, inclnding prpllyrj tic, subophiti c, and diabasic. 

Bpecimen 50P86 (table 1) is from the base of n plllow flow nt C a m  Point, 
Mamacre Bay, and I E ~  but  lightly altered, in contrast to the albite-hearing pmrts 
of this same pillow fluw. (See 501)&5, described below.) Thls l ~ n ~ a l  material Iran 
subophitic texture m d  contains about 65 percent plngioclnne, 20 Wrcent pymr- 
ene, 10 percent olive-brown altered glass mesostash, nnrl 6 percent opaque oxidr 
and accessories. The glagiodaw crystals show normal progressire zoning fro~lh 
Anoo near the centers down to Anls at  the rims of some crgstnle, as indlcrlted tq 
ext.inction angles. The pyroxene hael faint green pleochroim, (+ ) 2V = 61n, 
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and .tall = 1,892. According to Hess (1840), thesle vnlneg imply an augite whose 
cornpodtion is about Cau Mgm Fe-r~. 

Specimen W 8 5  (table 1) is II spilitic h a a l t  from 40 feet above the base of 
the pillow flow a t  Casco Point from which the nonspilitic bahtaltlc specimen 
80P& wm taken. The ophitic texture Q somewbat l e s ~  well developed than in 
SOP#, and the rock contains about 50 percent albitic plagioclase, 15 percent Clear 
angite, 10 percent chloritic materlal (mostly altered baanltic glass and vesicle 
Bllings), and 3 percent opaflue oxide wstals, aphene, and apatite. 

Specimen 50P293 (table 1) from the nortli shore of Caaco Point, Maccacre 
Bay, is a basaltic lava from a flow, part of which has pillows nnd ~ r t  is c@- 
Inrnnar. It has a mbophitic texture mith more than the nsanl amount of microlite- 
bearing altered basaltic glass. By point-counter method it w m  found to eontaili 
37 percent plagIoclaae (albite-oligoclase after labradorite), 22 percent fresh 
auglte, 7 percent opaque oxides, nnd M percent altered glass nnd mierolite8. The 
plagioclme la  less thoroughly albitlzed than that of many of the pillow lavas, as 
many ialanh d labradorite occur within the dusty albite-oligdase. Tbe meaos- 
tasis ia brown nantronltic material contalaing many skeletal crystah of 
plagioclaae. 

Many of the siliceous lavas and tuffs of Attu and the other Near 
Islands are ker~tophyres and quartz keratophym. In their high 
content of albite and somewhat altered appearance, they are annlo- 
gous to the spilitea; indeed, repwsontative specimens apparently 
forming a gradational wries from spiIi tic basalts tl~rougl~ kerato- 
phyres and quartz keratophyres can be ~ssembld, based on the 
proportions of dark to l ight minerals. The kerntophyric lavas may 
show cdumnar structure, and some show well-developed pillow 
structures. In hand specimen most of the rocks are purplisll brown 
to gray and contain distinct n~nygdules and prominent phenocrysts 
of albite, and some also contain quartz. 

Sppeimen 5 0 M  (table 1) in a qunrtz keratophyre from a pillow lava at 
Murder Point. It is the most siliceona (79.56 pemnt silica) of the analyzed 
rocks from the Near I~lands. In hand sporimen i t  is light gray with a slight 
y r p l i s h  cast and is aphnnitic exccpt for s c a t t e M  pbbenocrysts of wbitc nlbite. 
In thin section the albite phenocrysta are subhedral ta mhdral, and qunrta, 
although in grains and clump of phenocrgxt size, i s  anhedra1. The groundmm 
consieta of a h e  felt of albite and qunrtz mith only very minor nmounts of 
opaque oxide aa microllte-sixe rods and chain@. Sphene is a sparse but peraiateiit 
constituent. 

AMPHIBOLrrES 

Specimen 4 9 G  (table 11, from the headwaters of Kanfman Creek, ia  an 
example of the nmphibolites and plagloclmc+amphibole rocks in the awa between 
Kaufman Greek and Temnac River. In hmd specimen the rock is mPn to contain 
small scattered masses of white feldapar and black hornblende in a very dark 
granndmase. In thin section the texture in Intergranular and in part cataclastic. 
nnd the grain# range in diameter from 0.1 to 1 mm, but most are lwa than 0.6 
mm. The rcwk Is composetl of about BO percent amphibole, 3% percent plagfwlase, 
2 perrent epidote and zoisite, 1 percent: opaque oxide, and 1 percent sphene as 
crgatals, veinlets, and r im abut the opaque oxide. Pyrite and hematite occur 
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TABLE 1.-Chemical data for rocks of the 

Attu Island 

Rock type--- Diabase 

Collector---- - Wilcox Wiloox 

Sample No-. 1 2 

Field No.---. 49W26 49W21a 

Laboratory 
No. 5>---- 627 626 

[Analysts: Berthold and 

Horn- 
Pillow lava Quartz Amphi- Quartz Pillow Ande- blende 

diabase bolita diabase lava site daeite 
porphyry 

Powers Powers Powers Gates Powers Powers Powers Wilcox 

3 4 5 6 7 8 9 10 

60P86 50P293 50P295 49G6 49P53 50P85 50P286 49W36 

Phillips, E. E. Engleman, 

Bulk chemical 

10,16; R. H. 
Brannock, 

0 - -  47.0 48.1 48.4 
AlrOa .--.----- 17.2 16.3 16.6 
FezOa --.....-- 2.9 3.9 7.4 
FeO ---------. 6.8 6.6 6.2 
MgO ----.----- 6.6 6.2 6.0 
a - -  9.6 10.1 9.7 
NarO .-------- 3.6 3.6 3.6 
El0 ----.....- .48 .64 .71 
HrO- ................................... 
H Z ~ +  --..-.-.-. . .- -- ---------- ------- -- - 
Ignition loss 1- 3.4 2.6 2.7 --.. 
TiOz ...-...-.. 1.8 2.0 .99 
Con .-------------.-------------------..- 
Pros ---------- .24 .17 .14 
0 - -  .20 .20 . n 

Total 1.. 99.7 99.4 100.7 100.18 100.13 100.17 100.04 100.6 100.08 100.11I 

Spectrographic 

[Analyst: A. A. Chodos. Looked for but not found: Ag, Au, Pt, W, Oe, Sn, As, Sb, Bi, Cd, 

Nb - - - - - -- - - - - . -. . -. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
B --~--~-..---------------------------------.-.--.-------..--.-..------------------------------------------ 

See footnote at end of table. 



Near Idunda, Almtian t~hda, Alaska 

I ~ t t n  h~an+~rnt~ou.d & m h  rslena Bhemm 
Talnnrl 

. -  - 
Powers P- Powera P- W l k  Power4 Powam p ow era Dm63 Wllcm A y e a  

11 12 Q 14 IE W 17 18 18 ZO 21 
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 TAB^ 1.--Chme'cal dda for roeku of Ihs 

IaFnMon...... Attn Taland 

Rom- 
Rvck type.... Dhbese PLno*rIara Qmvts AmphG Qwrtn Pillm Anda- blends 

dl%- bollte diabasa law ~s [lacite 
Porphyry -- ..... Gollmor. W l l w  Wflmx Povcw P m  Ponas O n t ~  hwm Powsrs Powem W i l m  

lililmpls NO-.. 1 2 3 4 5 6 7 B 9 10 

...... meld No 4cnrB 4QW2ls KWIM aop29s 9 G a  49Pm WPS& W P M  10WM -- -- 
tsbwatory 

NO.KS..-.. an 4% 8a8 m MS MI  PI m 28 eza 

erPIlr#ratks 

Q ............................... a1 .......... 2 1  a12 LW ......... I ~ B B  14s 
ar ............. ZV 4.0 11 287 9.88 221 I ,B8  b6 X48 7 . a  
sb ............ 91.5 a t s  w.4 a7.m n.16 =.la 2r.m a.73 &a 
nn ............ Ba8 ZAB 27.0 ?&# 18.81 31,m Bhb3 21.3 34.70 3.B 
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sporadicallya The nmghibole  show^ blalsh-green to pale-yellow-green pleochmIarm, 
and the deepest blue-green color8 nre in the rhs. Extinction angle 5 :  c r a n m  
from 13' to 15*, optic nagle Is large, and nP raagee from 1.657 to l.M2. A patchy 
clinopgroxene, E: c about 38'- cornymsed the core of one large amphibole Crgstal. 
The pIagioclase myatals &om normal pmgmm1ve mnlng from as much an Anm 
in the centml parts to as low as Anm at  the rime. Twln lnmellae of mme crsstals 
nre slightl~ curved, and the calcic central parts of other8 are uhattewrl gud 
m e n t c d  by edfc  pladockaae that is in cflstallograpbic mntinuitg wlth the 
generally 8odlc plagioclase of the rim. 

The follow in^ col~~mnrar &ions of the basement rocks in widely 
separnted pnrts of Athr illustrate the various mmbin~tions of the 
rnnny rock types described in the preceding paragraphs. They can- 
not be correlnted in detail because of abrupt dacies changes and the 
Isck of fmsils and traceable lithologic horizons. 3lost of the sections 



GEOLQGY OF NEAU ISUNDB, ALA8RA 

Near l a l a d ,  Ahtiam lstands, Aloaku-Continued 

are based on traverses and the distrib~~tion of rocks as mapped, md 
they do not represent detaild or precise memnrements. FanIts are 
indicated whem they were abviou~s in the field mapping, but mdoubt- 
d y  many Jess obvious fnulta are present 

Approdmats 
Raseme~lt mckd ~t of H O ~ # Z  Rogr bhicAne8e 

(leer 
Top af -on is in hult mnhct with congtmerate of Faneto Rnnation. 
h v a ,  red to black, amygdaloldal ; in flows 1 4  i t  thick interbedded wltb 
grag tuff and brown arpillite - - - - - - - - - - - - - - - - - - m - - - ~ - - - - - - k - d  280 

Maaatve M&tic pillow %om, wit31 thin arfillite streaks and jaqer inter- 
o w  1 - -  675 

AFpllllte, intcrwded cherty s i l l m a  stlltstone, Rne- to mame-grained 
tuUaceous m m c k e ,  l e n w  of pebble conglomemte, a few tbln amyp- 
daloldal lava beds. Tbe entire sedion very well bedded in beda from 
2 in to 8 ft thick ----,,,-----,--------d------------- 1,200 

Pillow la-, baeaICIc, ~llidfied, and altered --,,,---,-,,-------------- --- 20 
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I with enctming b e d e r _ - , - - - - - , - - - , , - - - - - - - - - - ~ - - - - - - - - - -  ZKl 
ArgIIlite, m n ,  cherty, fhely laminated, very siliceous ------,---------- 80 ' srgiMte, tuff, and thin lava beds, brown to green, interhdded ----------- 
arftywacke with watteml h ~ a  pebbles, dark=@~, mmasedve, m&mn- 

100 . 
gralnd, M a m a  ,-,,-,----,----I-----,-- - - - - ~ - - -  56 

A w i t e ,  bluish-gray, d t h  Interbedded flnely layered cffwty bmwn and 
yellow tnPP and b m  and black amygdahr La* flowa S&¶on well 
layered % beds 6 in to 2 Pt thick- --,----------,,--------------------- 

Fhelg mystallhe b d ,  gnay ; r e m ~ M L m d  tnR, mywarke,  or Iava,,,-- 15 
Lava, mry&lliaed, clusters of feldmrs and sbeafs and rowttes of horn- 

blende, ,much jointed and &-red; many white siziceoue mid&-----, 150 
Bottom of section rests on complex of argWite, gmywacke, lmv& diabibaalc 

I n t d v e  rocks much faulted and rrheared. Con&& obmllrsd by float. 

3u.ammt rack# w t  ofstellbr Cwle Amrodmate 
d M o L w 8  

Top of wff on fts obmred by turf. { f e e t )  
Pebble cmgianwrate, gray-mn,  cmmdy Mded: roundmi ~ b b l e ~  of 

rrrgilllte, siII.cews siltstone, kera-re, and basalt in matrix of chlorite 
end carboQate and round to angular grains oi feldspar and qnartz-,,,,, 800 

mva, bluish-my, dense, crystalline -,------lI--------e------------- 100 
Oonglomemte, gray-green, tuffacews -,-------- ,_, - - - - - - - - - - - - - - -  200 
Cavewd by t u r f - - , - - - - , , - - - , , , - - - - - - - - - - - - ,  50 
Lava, bluish-gray, -bed, massive --,----,--,----------------I- 150 
(fabbm, jntra91ve --,-,--------,--- ,,- 30 
Lava, dark-gray to black- -,,,--,-,----------------- W 
Lam, dive-green to gray, amygdaloidal----,------ ------ - -  la) 
b t v e  100 
b e  1 + ,  20 
U v a  flaw, dark-green, massive , - - , - - - - - - - - - - - - - - - - - - - - - - - - -d- -w 3Q 

N b l e  mnglmerabe, gray-- tuRaceoas; lenses of fie-grain& brown 
atandstone Zoo 

urn, dark-puw1ish-brown ; caMte and chlorlte arnygdnla-------+---- 
Fault. 
Pebble ccmglwwmte, W - m n  ; m n d  pebbles of lava, argWite, dltstone 
in green matrix of chlorite, carbonate, feldspnr, quartz, and ar%llIte 
m i n e ;  crude 1,m 

Pebble mnglomerate, brawn tuffaceous mndtstone, dC&-brown  hale------ 4 0  
Samhtone, olive-green to brown, well-Wded, coarse, tufPaceous--------- 400 
Pebble mnglmerate with Interbecldd dive-gwen dlbtone - -  76 
hvtt, dark-gmy feldspar prphyry --,,--------- ,- --------------I--- 2 
Siltstme, olive-grar, wfth conglomerate lenam - -  150 
Pebble congIumemte, my-green -----,----I------------- - - - -  - - 30 
AFglllite, brown, ~pIinterg--,--------~~-~---------------- 10 
Sllbtone, buff, limy, with imstene layers and Irregular bedding-- 200 
k v a ,  brown to black r mgrabnpd;  gray Co buff flne-bedded slltstone, 

pebble mnglomerate, black cherty arpYllite, m y  feldspar porphm h v a  
flows, and bmm wntronltIc[ ?) tufe agglomemte --,------ ,_- ------- - 730 

rndk 
ArgirUte, bhck, cherty ,--,,--,---+-- -- 16 
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Iwva flaw, Il&t-g~tty felhmr p6rphm -,-,---,--,,---,, ,,,---- 

Biltstone, b m w q  welI-bddd ; mnhins a few bhek cherty amllite M a  
and Wo tJmall gahbm dikea ; Intermittent turf cover ,,,,,-----,----,-- 

Pebble conglomemte: round to anmlar mblw nll of bluish-purple 
amygdaloidal lara ; m n  tniF8ceol~ matrix ,,,,---------------------- 

BIltstone, bmwn, thinly herldd  --------,,---,,---------,---,,--- ---, 

Lev5 now, dark-bmwn felchpnr ponphyq ,--,,,-,-,---------"--------- 
PeWe conglomerate mmtaidng cLy pebbles and m u  kqwr pebbles,,,, 
Conglomemte, brown, tmsceous ; cherty niltRtone, black cherty argilllte, 

m y  to brown siltatone ,--+-,,-,,------ ,,- ........................... 
Fault Bottom ~#section. 

[Thb mttam, 828 it tniek atratlgnpbicdlg, Hea along the wavearoded &ore platform 
about 8 M  yd north of Barabnrn Point and const~tn of bed ttrlklng h'. 80' E. and 
d l p p i n ~  38' N,1 

Avurodmstl 
thkhwr  

Top of awtlon cevced by presrnt beach mveh IIcet) 
Pebble conglomerate, mamire: na Wdlng: ronnd to angular pebbles d 

lramlt, siltstone, arglIlik r d  mudstone, gmpwacke; d a r k - m n  matrix 
of chlorite mfth a ipw bmken hld- ancl atlffEte cryatala,---,-------- 30 

EIMuhtlg w n u m  a& eroded contact 
Tuff, d u l l * l l v e y ,  bnsftialtic; fragm~nts of plafflmlsae, auglte, and 

b d t  in dark-- nontronitie matrix 10 
B~adatloml contact. 
FUR, dull-ollvc-mn, I n t d M d d  wSth blue sllthttone and mudstone layers 

2 In. thlck mnbtning mnd chipa -,,,,,,-,---,--------- - ---,,- ------- 6 
Bandatone, interberldwl and Interlenslng, f i n ~ M n e 4 ,  tufPRcecluu; 

M a c e o m  mnhtonc amT mbbk conglomerate ,-,----------,--- - -  4 
Blightlg mured nntl Lrrewlar mntact. 
M, bluish-my, mmfre; angular fsaamcnta~ and euhdral m t a l a  of 

pladoclhm and nudte In g r e n  chloritde matrlx; rt 1-la.-thick lmnd of 

Sandstone, Ane-gmlnerl, t u f i m u s :  blnhh-gmy Mltstone and rnudntonr! in 
InterMdd bands 1-12 In, thick ; mud chip and sand po~keta mmmm 
throughout; mnch w r t ~  #twak& M d h p  suggpsting contemporaneous 
deformation -----,,,,,,-,-,,,,,-,-----------------~---d- 50 

Bharp stmight conl$ct 
Tuff, dark-hlne to purpMtlh-my. rn~dfnrn- to coamgraln€d;  & ~ b  

fragments of plaRloclase anti mrtly chlodtirml fmmagneaian mdn- 
erals ; genemllp maRRirr hut h i n t  hdding discernible in plama; bottom 
1. In. is m d - p ~ b h l e  mndomemte ------------------- - - -  17 

Bnddone. fUae%ratned, tafhcpou~: interbedded with siItstone and mud- 
&one in bmcb 1-12 in. thirk : rnl~d rblps and wand pock& ------------ 80 

fhndstone, dark-blue, tnffawoua, fin~wnined ; very faint bedding-------- 7 
8anttstwe interbdded with ~ i l t ~ t f i n ~  nnd mndstone in thin hyers, flne- 
mind, tmaceana - - - - - - - - , -+ , , - - - - - - - - - -~ - - - , - - - - - - - - - - - -  6 

!Fur, dark-pnrpllsh-blue ; faint MAdIna ; plagloclase and ferrornagnegian 
mlneml fmmmts in dense matrlx ,,,,,,,,,,,-,--tg--tgtgtg-tgtgtg--tg 2 
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Apvmdmclie 
Baaanent mka tm w a t  a h m  of Massacre BaWukinued 

Um8tone, blue an8 marma Sa wavJr streab, 8lltg; kge- with inter- 
lensing and interbdded 8llghtly sandy layers ; contains widely gcatted 
round Wblm of Iava or ~ M l l l t e ( ? )  ,,,,,,-,--- - ,-,-- - --,,,- - ,-, - 10 

Oradattonal contact. 
U m ~ t o n e ,  ~ l l t j  end more mndj thlen one above; namerws fmg- 

ments ; no bedding; inc?reaslngl~ sandy tomrd bme-,,,-,,,-,,,,,,,- 16 
Gradational contact. 
h t o n e ,  blue d t h  a few maroon atreah; lagere8 wIt8 imm1ar sansg 

etmBs~,,,-,--~,,,,,,,~,,--,-----,--,~,~,,,,-~~,~,~~,,~,,-, 26 
............................................................ 10 
Westone, blaish-pky, a few red streab; layered with irremlar nandy 

I e n a e s , , , - , , - , - , , , , , , , - , - - - - - - , , - - - - -  8 
Oove~,,-,,,,,-,,,-,, ,,,,,,,,,,,,,,,, , ,,,, , ,-,, -,--,,-,----- 6 
Limestone, blnleh-grey, e, dltp an8 sanrls: no M&Ing or layeriw,-- 10 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
Tuff, pag ieh-mn ; ac~ttered anmlur fmgmwb of phddar te  a d  term 

mame8ian minerals in den* chloritic matrlx; tbln wary IayerPng in B 
few p l a r e s - , - , - , - - , , - - - - - - - - ~ , , , , , * = , , - ~ ~ , ~ ~  11) 

Tuir~iceou~ ag~lomerate or eoarrre tuff; angnku fragments of pWodase 
and ferromameah m i n e d  In chlarltlc mat& --,-,-,,,,,--,-,m - 2 

Umgmcke, tnffaeeoua, interbedded and Interlenslng with blue &tstme ; 
contains a fern limy layem --,-,,--,-----,,----------,- - ----- - - -  - 4 

Bottom of &Eon corer& by beach gmrela. Tbe -on @nnee dong 
beach for wveral hundred fePt, but has more m r e d  areas tMn oat- 
m w  Outcrop are of same wneml tSpe an in mtlon. 

AGE 

T h e  basement mks yielded no fossils and their age is uncertain. 
They must lm older than middle Tertiary I m a m  they underlie the 
Nevidiskov and Chuniksak Formations unconf ormably, but how 
much oIder is unlmom. An age assignment of late htesozoic or wr1y 
Tertiary is thus speculative. 

The outstanding charwteristic of the basement mch is their 
heternweit y . Pit low lavas, agglomemtea, bmmiaa, tuffs, warn  con- 
glomerates, pywackes, argil l it,es, cherts, and limestones are inter- 
bedded wit,h one another rind grade laterally into one mother. A 
bed only a few millimeters thick may be overlain by mm unbeddsd 
breccia or conglomerate. Contemporary slumping, hrbidity flows, 
crossbedding, md scour-and-fill are found throughout the section. 
R o d  pebbles and cobblm derived from ~uhaerial erosion occur in 
sequences of beds which wntain coam breccias and pyroclastics. 

This hetemganeity of ruck type reflects heterogeneity in the enri- 
mnment of deposition, in the m u m  area, and in the pmsses of 
deposition. Rounded pebbles imply subaerial sources ; the characters 



of the volcttnic rocks clearly indicate widespread submarine volcan- 
ism; and the slumping, chaotic bedding, and structures formed by 
turbidity mxents imply steep gradients which in turn suggest tRc- 
tonic movements and perhaps also volcanic islands or submarine 
peaks. However, the finely laminated, primarily silimous d i m e n -  
ta ry  rocks suggest quiet deposition at some depth in basiw free from 
currents, wsve action, and the dumping of detPitaI &bents. 

NEVIDISKOV FORhfATION 

Appmxim~tRly l,lKIO fp~t. of  p p m k e  and conglomerate overlies 
the basement rocks unconformably and underIies the Chuniksak 
Formation in the Navidiskov Bay a m .  This conglomerata is hem - * named the Nevidiskov Formation for the excellent exposures on 
the west side of Nevidiskov Creek valIey, the type locality. The con- 
glomerate is alm exposed on the muth end of the ridge between the 

e Nevidiskov Creek and Nevidiskov River valleys and under the 
Chuniksak argi1lit.e in the vicinity of Peak $3. A small area of 
conglomemb on the tip of Theodere Point may also belong to the 
Nevidiskov Formation. 
The contact of the Nevidiskov rocks with the overlying Chuniksak 

Formation is conformable and in part gradational. The upper beds 
of the Nevidiskov are fmw grained than the low~r, and lenses of 
argillite become more and more numerous until finally the tn ica l  
argillite of the Chunhak Formation is predominant. 

Okrmtions on the relation between the Nevidiskov Formation 
and the Basement rocks are somewhat mdicting. The only exposum 
of the basal contact is near the type locality of the Wevidiskov' For- 
mation; there, on the m& of the ridge north of K a u b n  Pass, 
Nevidiskov conglomerate overlies a sequence of typical interbedded 
lava flows, argillite, and rxlnglomerate of the basement complex 
without sharp angular discordance but with possible erosional uncon- 
formity. Howe~er, it is clear from the mapped relations that the 
rocks of the Nsvidiskov and Chuniksak Formations are much lws 
mmplexly deformed than most of the basement rock. f i r t h m o r e ,  

C the Nwidiskov conglomerates are made up entirely of fmgments of 
rock typw present in the basement rocks. Thus it seems probable that 
the mng1omerates of the Nevidiskov Formation were derived from 
extmsive erosion of the basement rocks following both uplift and 
def omation. 

The following sections were memured by aneroid barometer on 
the west side of Nepidiskov Creek valley. Thicknesses are approxi- 
mate, rtnd undiscowred faults are undoubtedly present. The sections 
are presented ns a g~nerttl description of the Nevidiskov Formation 
and are to be regarded here as reference wtions. 
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m m o ~  A-NmbdQMw FwnafBwa, mead sf& of IYeWhbv C m k  
sdfeg, a b u t  2% mnea nw'bh 07 mwk mwtk  

A rozlmate 
qKsok*sss 
(feet) 

CBlp of W o n ,  WnfrmabIe contact with OhrmIhalr Formation. (See 
wctlon p. 735. ) 

Graywacke, llght-brown, m k i v e ,  fine- to mediumained------------- 40 
Mne pebble conglomerate aIternat5ng with coarse maywacke; beds 24 in. 

thick ; gebblm are ~ ~ I m g n l a r  to round and compsed of lava, arglUfte, 
ch&, and grayft.acke ,--,,,,- _-, - - - - ~ - - - - - - - -  10 

Cmglomenate, &rk-gray to bIwk, caarae: ~ubangular to round pebble8 
and mbbles of lava--,-,---------,--*---------------------------- 180 

Feldspar porphyry fntrusive, probably a sill --,--------*-----I------ SO 
Pebble CongIomerYlte, dark-mn, coarse, interhdded with graywacke; 

pebbles of porphyritic and amygdaloidal hva and hrgIl1lt.e ; several 1-1Pt- 
thlck l e n w  of s l U ~ m  slltstone and a~llite--------------------- 280 

B r a m k e ,  coarae, with lenses of cong~omerate - ----- - -  I# 
~ ~ e n e d , - , - - , - - , - - - - - - , , - , ~ - - - , ~ ~ - ~ - ~ ~ ~ ~ ~ - ~ - - ~ -  6 
anameke, -me, with irregphr l e n w  of conghnermte conblning 

Wbles an8 cobblea ot graywacke -------,--+---~-------+------- 24Q 
Base of e t i m  mered by hlua IntermYttent ontcmps indicate that the 

secfAon mntinuea downwml for at least 200 ft. 

~ o r l  h op m e k  ramf h 

A : ~ @ d : * e  

m e t )  
Top d 8ecUon. Cloniomable mntart with band&l limy argflllte of the 

Chunkimk Formation. (See section p. 735.) 
Gmgwwke congIomemte; large angular to ~nbmgdar baldera of dark 

i e l d w r  prphyrg in green matrix of graymhcke and of conglglomenate (YP 

argllUte and lava pebbles --,-2,--,,----tete+--tetetetetetete-tete---te - f6 
Gmywftcke, caarse-mined ---------------------d---- - - -  20 

Gmymcke conglmnerate ; pebblm and cobbles in green matrix-,-------,- 165 
&~ered by talus --,,,-------,,--,------------M---4-*+-----w--- 180 
Qmywacke mglomerate, green. ; mnwna ronnded pebble8 and cobbles aa 

mnch as 2 ft In diameter of dark porphyritic Mva, gmywacke, and cherty 
arglllite -----,-,,,,,---------,--h----------+- * 4 4  215 

Orawacke muglomerate, green ; sulmngular to m n d  pebblm and cobbles 
aa mnch ae 6 3n. in dbrneter rnnstb o f  d a e  porphyritic lam bat a h  
d graymwls and cherty a~lllte---, , ,----~-------------------+-- 70 

C t o v e r e d , , - - - - - - , - - - - - , , - - - - - - - - - - - - - - - - - ,  60 
Gmywacke mnglomewte with green sandy matrix; round to aubmUnd 

peWlea &a mnch as 1 in. in diameter of cherty argilUte and black aph- 
nttlc sprpbydtlc law : meml  tbin lenws of cherty argIlIite----------- 130 



Age.-The Nevidiskov Formation is dearly younger than the base- 
ment mka and is conformable below the Chwiksak Formation of 
pmabbla Miocene age. It ia thus consided to be middle Tertiary, 
perhaps early Miocene or late OIigocene, 

A aingIe pecten found in the cong1omerate near the base of refer- 
ence section B proved of no value for establishing the age. 

CHUNIKSAK FORMATION 

The Chuniksak Formation, composed of siliceous fine-grained 
marine gedimentary rocks, is here named for its excellent exposures 
on Chuniksak Point in the type locality, the area between Nevidis- 
kov Creek and Abraham Bay. It is also exposed in the vicinity of 
Peak 7B, offset from the Chunihak Point exposures by one of the 
major faults on Attu. Highly faulted and deformed rocks of the 
Chmiksak Formation occur also on the north side of the island 

4 along the shoreline northwest of Holte Bay. In the Chuniksak Point 
md Peak 7B amas the Chuniksak Formation conformably overlies 
the Nevidiskov Fomatian. In the area, northwest of HoItz Bag, the 
base of the Chuniksak Formation is not exposed. There it is uneon- 
fombly  overlain by red conglomerate of the Faneto Formation. 
The unconformity is a marked erosional and structural contact. A 
thickness of at least 2,000 feet of the Cllmiksak Formation is p m n t  
in the Chuniksak Point and Peak 7B areas, and the total thickness 
p ~ o r  to erosion is unhown. 

The fine-pined well-bedded rocks of the Chnnihak Formation 
tend to weather rapidly to scree of reddish angular chips and small 
blocks. The hdh and mountains underlain by these rmks have smooth 
rounded contours and are distinctly red, in marked contrad to the 
typical rugged irregular contours and dark p y  of mountains under- 
lain by the basement mks .  Faults show clearly as marked depres- 
sions, whereas most intrusivw stand out sharply. 

The Churriksak Formation consists of marine sedimentary rocks, 
principally siliceous shale, ttrgillite, limy argilPite, chert, siliceous 

e silhtone, sandstone, sandy shale, pywacke,  and a little pebble con- 
glomerata Limy and siliceous nodules am abundant at a few hori- 
zons. In outcrop, the he-pined s i l i m u ~  ~diments  axe colorful, 
being various shades of dark gray, yellow, brown, p n ,  purple, and 
red. Beds am conspicuous and sharply defined; they range in thick- 
ness from les~l than 1 inch to about 1 foot and are marked & the top 
and b o t h  by a distinct, sharp break. The break is commonly 
~traight md without evidence of scour, md aets as a p h g  plane 



when the m k  weathers. Within the beds are mmy laminations frem 
I to ~everal millimeters thick. Some of thee are deformed and 
intricately folded and fanlted, w h e m  in adjmnt beds they am 
consistently para1 lel ta the bedding plan- Repetitions of laminae 
from bed to bed, but no definite rhythmic banding, are diwrnible, 
In geneml, the lamination is most evident in the argillits and sili- 
ceous s i l t she  and less evident in the siliceous shale, in which it is 
obured by splintery or shaly parting. Some beds hn1.e thin lenses 
of sandstone, limy shale, or limestone. Many of these fe~tures am 
strikingly sirnil&r to  those described by Bramlette (1946) in the 
Miocene Montemy Formation of California. 

Microscopic examination shows that these fine ~iliceaus sedimentary 
rocks m d s t  of angular to subround fragments of quartz, albite, and 
labradorite, flakes of biotite and chlorite, masses of calcite and chert, 
nnd scattered cdcareous Foraminifera and siliceous diatoms. In pn-  
em2, the fragment9 are not clmly packed but are scattered through- 
out a cryptocrystalline matrix. Grain size ranges from m~bmicrmcopic 
to about 0.2 mm; most p i n s  are between 0.06 mm and 0.1 mm. The 
w l a r i t y  of many feldspar and quartz framents and the relatively 
fresh, unweathered appearance of the feldspars, nlbite and labra- 
dorite, suggsst derivation from volcanic ash. Numerous irreplar 
blotchs, strinpm, and wisps of brown to black opaqus material are 
generally parallel to the bedding, but they are irregularly wavy and 
undulatory and bend under, around, or over the clastic fragments. 
h a few slides thin films of this material cut across the bedding like 
n jagged pencil line nnd show a nmrked tendency to go around 
cladic p i n s .  The amount and concentmtion of this material and 
the relative density of distribution and size of the clastic frapenb 
appar to be factom determining the prominence of layering. Tn some 
of the fine-pained siliceous rocks, cubes of iauthigenic pyrite have 
grown across the bedding plmes, the opaque stringers, and the 
cP11~tic p i n  boundaries. The matrix is a brown to yellow or colorless 
~nahrinl, and much of it is eryptocrystallina and contains minute 
pinpoints and flecke of arbanrib and opRqne material. This crypt* 
crystalline mnteri~l  is presurnd ti be clay minerals, opnline silks, 
nnd perhaps malcite. 

Soma lwds are limy, but pure limestone without abundant admixed 
elastic fragments wns found in only n very few beds. The limy beds 
more commonly alternate with sandy and shaly M s  than with 
nrgillitic beds. ,Several specimens of the C h n n i h k  Formstion were 
tested for their solubility in dilute hydrochloric acid, and their mn- 
tents of ferric oxide and carbonata i n f e d  from the malts am 



given in trabla 2. The carbonate content ranges widely from b d  to 
bed: in the argillite, from 0.7 percent in sampIe 8 to 57.0 pemt in 
sample 1 ; in the nodules, from 48.4 percent in wmpIe 14 to 75.4 par- 
cent in sample 2. 
In thin section, the carbonate appears as an irregdnrly intergmwr~ 

mosaic of grains with different orientations and fuzzy boundaries. 
Scattered through the limestone are fragmenh of quartz and feld- 
spar like those found in the siliceous rocks, and few of thew frag- 
ments appear to have been partly replwd by calcite. Euhedrrtl cubic 
crystals of pyrite are present in some of the limy rocks and are 
visible in hand specimen as well 8s under the microscope. The limy 
tmb differ from the siliceous and argillitic beds mainly in the pres- 
ence of calcite as the matrix rather than the cryptocrystalline sili- 
mus materid. 

" TABGE Z2.--&826h of i m o l u b b r e d ~ e  test8 on rock a p e c i m  from Chuniksak 
P m t e b n ,  mw 

- - - - - -- - - - 

Weight W W t  
Iwbmw Welght percent 

2 FieldNo. 
Rock tm pemnt %$: c a r h d e  

tnsolubl% 1 Fs ~s by 
F~103 dtfferonoa 

Te--Abrrh.rn k 

1 49By36 CaIcareoua bed in argiltite - - - - - - - -  42 4 0.6  57.0 

w-B*l 

2 49PB Nodule in argiltiie - - - - - - - - - - - - - - -  24.4 0.2  75.4 
3 49P24 Sandy bed in arginite - - - - - - - - - - - -  53. 1 8 7 43.2 

Cbmmilrat Paint 

4 48126 Sandy marker bed in argillite- - -- - 60.7 
5 49P27d NoduIe(?) in argifite - - - - - - - - - - - - -  36. 9 
6 49P27e krgillite . . . . . . . . . . . . . . . . . . . . . . . .  90.8 
7 49P27g ----da------------------------- 91. 0 
8 49P3Om _ - - - d o - - - - - - - - - - - - - - - - - - - - - - - - -  98.1 
9 49P30c Nodule(?) in argjllite---- - -- - -- --- 21. 5 

10 49P3Qe ----de-- --- ------ - - ---- -- - -- - -- 21.3 . . 11 49P30j Silioic ar@lHe--- -- - -- - -- - - - - -- -- 97.4 
12 49P3Bj hndy argillite ------------------  97.2 
13 49P36k Calcareous bed in argillite - - - - - - - -  55. 0 
14 -- - - - - -- - Nodule in argillite- - - -- ------ --, - 5 1.2 
15 - - - - - - - - - - - - - -do  - - - - - - - + - - - - - - - - - - - - - - + -  35.3 

- . - -  

I Determined by Bay E. Wilcoa uslog method of YcQueen 11931). 
Determined by Harold Bloom of the U.S. Oeol. Survey by method of landell (1044, 

B. 27) 
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Nodnles nnd conc~etions are ~onspicuons in the, sllorp 1)Pntf~lrlns of 
Cliuniksnl; Poirlt (fig. 105 ) . Tlwsc nodnl~s :urn ellipsoidal w\.i t l ~  long 
dimensions pnrnllcl ta the l ~ d r l i n ~  :lnd h:rvr? flnttencci Imttoms nzld 

I 

dornecl tops. Tllep range in maximum llorizontnl dirl~cnsion frolr~ 
l ~ s s  thnn 1 foot t,o as much t ~ s  10 k t  a i ~ d  pnoratly nre ill I I I ' C ~ C ~ ~ P C ~  I 
strntijirapllic zones, n l t l ~ o n ~ , . l ~  not contincrl to any one type nf sur- 
rounding rock. I 

- , . && . ' ..**n .:- 
A;" n I 

.. ,- +:,-- I ." .--: I..' . . 1 

FlcmZ I Oq.--Lirnr nor311lr. In rhunlknnli Formntlnn, Chunik- 
~ n k  I'otnt. . l t t l ~ .  T , o n ~  (llmen-Irm, nbo~tt 4 frrt, In pnrnllel 
to hrrIdin~. 

'T~IR hetlding for the ~nnst part dirides nmund the nodll~e, nsunlIy 
\\.if h :I market1 tlliniiil~r of  l ) ~ d s  thrr>i~gll n xonp ~ ~ l i i c l l  in snine II!:ICPS 

i.i n? mnrh :i.q .cpl+prnl t P n 4  of f e ~ t  nl~nre :lnd I I P ~ O ~ Y  tFw ilc)di~lr. 'Thp 
\r:rrpinp of I ~ e t l r l i n ~  :~r.r~~~nrl  tlw i10~1itl~s indirxtes thnt they wew 
pr.d~?I~ly f n r .m~( l  :IT ~ w i i l l n r ~  .cetlimer~t nr:- fentt~rca on t l i ~  sen floor 
1 3 t l ) ~ r  t l ~ n i l  n q  rel~larrrn~nt.: nf ~lr~rirr~ls ly  ezistiiir setliments. C'orl- 
tnc'ts lwtn-een tllp nodi11~~:  : I I E ( ~  flje 51irrnii11lli11~' ~ ' ~ r l i ~  ; ~ T P  411:lrp rind 
arp  ncr~ntn:~tcad 1)y ~ w : l t l l ~ r i ~ l c  ( ~ f  tlle riottial~~ to :I huff rolos. Solup 
t ~ o d n l ~ s  I I ~ V P  irr~~pilnrities in r n l o r i ~ l ~  :lnrl mompositinn. l ~ t l t  nntire- 
:121l~, Ixdding nntl ron r~n t r i r  ~trlrctilw nnzv flkent. Jrmt of the. noil~~les 
mnsist prirn:~ril~ of mrhonfit~, l111t srmP uont:~in silica and n f ~ n .  
fnnsisf. of rllrrt. In  thin ~ect iot~ ,  f l l ~  limy nclclnl~s nre seen to IF 
l~r~ctominnnt  lp fine-grained c:~lcite rloscly ses~mblinp the c ~ r l ~ n a t e  



GEOLOGY OF NEAR ISLANDS, W K A  735 

matrix of the limy rocks, and they contain lenticular and ovoid 
m a w  of coarser calcite up to 0.2 mrn diameter and a few scattered 
fragments of quartz, chert, and feldspar similar to those found i11 
the sedimentary rocks. 

Sandy shnle, sandstone, d graywwke are the dominant rock 
types of parts of the formntioa. They occur in beds rnnging in thick- 
ness from n few inches to several feet, and they lack the lamination 
typical of the chert, and nxgillite. Clastic pains Bra primrily plagio- 
clase, quartz, pyroxene, md chlorite, and the matrix is calcium 
carbonate or ~r~ptocrystalline silica. The few conglomemte beds 
contain pebbles of lava. 

The following metion is an upward continuation of refefince 
section B of the Nevidiskov Formation (p. 730). Like the previous 
~ctions, it should be considered illustrative rather than stratigrapki- 
tally precise. In general, the basal zone of dark sedimenh overlain - by mveml nodular zones mas found to be fairly consistent in the 
Chuniksak Point area. Near tho tip of Chuniksak Point along the 
west share of Nevidiskov Bay, the section appears to contain more 
sandstone and sandy shals in some of the nodular 7anes thm in the 
fdowing reference section. Small horizontal fwies changes involving 
the various m k  types are common. 

ZEefereme section of Ghfdlc~?ak Formatlops omwest atde of 
xev id i skw Cree& YJLV 

d p  rodmads 
t g ~ ~ n a e e  

Tap d ~ectIm mvered by arglilite scree to imp d hlU. 1l8et )  
ArgiUte, brown--thering, ailty, with cmm&10ns ,,,,,----..---- 180 
Hcmblende andmite dike - , - - d - - , - - - - - - ~ - - - - + - * - - - - - - - - - d ~ - w  32 

sLrgillite with ooncretians ----,--,------,--,---- --,- 65 
HornbImde-fetdqar porphyry dike +,-,-----------,--------------1111 5 
Agillite, layerd, ~ 4 t h  concretions ,-,,------+----------d+~,-~---- 60 
Argillite, dark, Band* -5th thin siltstme b d s  ----------,,,+,,,,,--,-,, 80 
Arglllite, Inyered, with three bnnds of limy mncmtIons --,--,,-------,-,- 15 
Argillite, dark, l a ~ p m l ,  brown-nvathedng, wf th thln slItatme bed%----- 125 

I Chert, m y  to black, layered; h d a  1-5 mm thick with disseminated, 
mrib ; rsome interbedded limy nrgillf te -------,--,,-,-,---------- 180 

Argillibe, dark, layered ; weathers brown- 120 
Aqilllte, layered with elongate len-9 of aalcarmns coocretima arr much 

as 3 ft long wii21 some 1-Ln.-thick bands d fls~11e shale 95 
SllL%hne, mars?, with argillite k d a  In layers $3 In. thick; a t h e m  

light  gray,--------------^^-----^,-------------- 120 



Ref- 8ectlon ot Chtrdkaak F o r m a t h  on went aide of 
N&dbkotl Creek ~ollcy--Continn& Ap rodmats  

tfikaneas 
( l e d )  

AEgIllfte e,rer€d, h.q7 -,,-,, *,,,,--,, *-- ----,------" - , * - - - ,  * 1% 
O o v e d  In other areas lthls mne b primarllf Mack to dark-bltriah-gray 

~ p & ~ l t e  wMha,bl&yfr~cture, ,-,,,-,, - ,,,, PPPPP ,,,,,,,,,,, Po0 
Arg.Illite, gray to ligbt-bmwn on weath~red surface, s ray on fresh ~urtace, 
lage~,sIltg;bandsupto~in~~thlckalternatlngwiththlnnerband~-~ 40 

Bottom of section. Conformable mnb& with graywacke and m g l m e m t e  
of Nerk€i~kov Formation, 

The Chuniksak Formation is the only rack cm Attu that yielded 
an appreciable number of fossils. Rfollnsks and plants were found 
on Chuniksak Point in several narrow zones in the concretionary 
parts of the formation, probably equivalent to those nmr the middle 
of the described section. Diatom and Foraminifera were found 
scatbmd sparsely throughout the formation. They show no evidence 
of having been partially dissolved, and no relics were found in the 
matrices to  suggest that the siliceous or carbonate rocks consist of 
silica md carbonate recrystallized from diatoms and Foraminifera. 

Fragmentary and pmrly preserved fossil pl~nts were identified by 
Rdand Brown of the U.S. Gmlogical Survey as Atnm alnifolia 
(Gogprt) Hollick, probably early Tertj ary, pos~ibly Eocene in age. 
Ralph Stewart of the US. GeoIogical Survey, who made the identifi- 
cation of a pelecypd as possibly a new speciea of Lucknoma, corn- 
rnented as follows (written commun., Nov. 2, 1949). 

Lucinoma is a fairly common bivnlve In late TPrtiarg iaunaa and b &Ill lfvIn~. 
It h w  been reported in PLiocene or Miocene rstrata from Konga, Jagan, and from 
the Takataga Formation of southeastern AInska. The Tak~taga Fornation la 
prob~bly of Miocene age. The best Attu specimen iil not  produced posteriorly and 
may prove to be a new species. 

One poorly preserved gastropod fragment was found vith 
& n m  Stswart, tentatively suggested that i t  is Anciat~okph, and 
he wrote: 

The genus fa now lidng in the North PIttlfic and was reported In the Tfikattaga 
Formation EW C"olu..s r e a m i s ,  and it may o m r  In the Amgal sandstone of 
Matchgar SakbaIin, which Is probably of earIg 1Iiclcenc age. 

The diatoms were abundant and perhaps furnish the most reliable 
indication of age. As the enclosing socks were very difimlt to dis- 
solve or disintepte,  most of the; diatoms hrrd to be identified in thin 
sect.ion. ]Determination of these was made by R. E. b h a n  of the 
G.S. Geological Survey, who r e p o d  the following diatoms in 12 
samples examined. 
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Cosciao6hma gp. in e v e n  of  the 12 ssmples. 
Tdccratiam t3p. in elx of the 12 samples. 
Arachnofdi8w ap. in four of the 12 aamplm. 
Rubdlarla ap. In two of the 12 mmplea. 
Arachnoidlscwa rf. A. o n m n m s b  Brown in two of the 12 sampIea. 
Co:ogolnodiacua d. U. omdfatss Ehrenberg in one of the 12 samples. 
Rhrtphonste cr. IE. s k e g a ~ a  Pantmek and Crunom in one of the 12 samPIe& 
Rutilarira epaltow CrevllIe var. longicomis Tempere and Bran in one of the 
12 samples. 

Stephlaflop~oA? BP. la one of the 12 samples. 
BmtepA.era? ap. In one of the 12 sampka. 

Of tbe four diatoms identified with fair certainty, RutiIff.ria 
a p h  Greville vnr, longicomis Tempere nnd Brun is h o r n  ordy 
from the Miocene; Omcinorlhcu~ cf, C. d i d m  ranges through most 
of Lh0 Tertiary and is still represented in living assemblages; 
Amc&di~cw cf. A. o a m a ~ m d 8  Brown is known only from O l i p -  
cene ~ n d  hliocene rocks; nnd R h n p h e i s  cf. R. eJegana, the least 
certain identification, haa been found only in middle Jiiocene rocks. 

Qna plant species, four diatom species, and one plwyporl genus 
can hardly be considered n sufficient mrnMnp for positive dnbing. 
A Tertiary age seems rtssnred, and n lliocene age is probable on the 
basis of two nf the species of diatoms nnd permitted by age rnnge 
of the other two ~pecies of dinltams, the petecypod, nnd the gastropd. 
This is at variance with the tentative nss iment  of early Tertiary, 
perhaps Eocene age, made by Brown on the basis of one species 
of plant. 

ORftXN OF TBE N E m S K O V  AND CHUNIKSAK FORMATIONS 

The detritus which forms tha Nevidiskov Formation must have 
been derived from the basement rocks by subaerinl amion and 
dumped by streams into marine watew, The lensing and inter- 
tonguing of pywmke and mnglomemte with argillite and siltstone 
beds ma-y indicate deltaic conditions. The graywicke consists pri- 
marily of mck fragments in s fine-pained sandy to silty matrix, 
but s k n c e  of p d e d  bedding indimtes that t11rhidit;y c~~rrents were 
not invoI~ed in its deposition. 

The gradation upward of the Ne~idiskov Formation into the much 
h e r  grained Chuniksnk Formation represents a transition t o  an 
opisoda of fairly uniform quiet marine deposition, perhaps in a 
slowly subsiding basin with restricted connections to the open ma 
when there was no great totopographic relief in the s~~rrounding land. 
The excellent bedding, lack of ripple marks, scour, or mud chips, 
and the srnnll grain si7~ sngm ~ k n c e  of current or wave turbu- 
lence, The ap~rsity and lack of variety of benthic megafauna coupled 
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with the presence of anthigenic pyrite w~ggests mildly euxenic con- 
ditions. The presence of fossil leak-es and p lecypds  indicates shallow 
water and possibly nearness to shorn. 

CAIRTKOF FORMATION 

The here named Chirikof Formation crops a t  along the south 
shore of Chirikof Point, the typs locality, and just west of Schaler 
Beach on the north shore (the latter area is too small to Im shown 
on the geologic rnlcp, pl. 80). The thickness of the exposed rocks does 
not exwed 200 feet, and the stratigraphic relntions with other Attu 
rocks are obscure. Along the south shore, the Chirikof Formation is 
ssparatd from outcrops of the basement m k s  by tl p v e l  beach and 
a sill or dike of hornblende andesite porphyry, so that nowhere is 
a stratigraphic contact exposed. However, within a distnnm of 200 
feat acroaa the buried contact, Chirikof sedimentary rocks dip to the 
south at angles of 65" to 8 5 O ,  whs~wrss the basement rocks have very 
gentl~ dips to t h ~  north. Similarly abrupt differences in attitude 
between the Chirikof md the basement rocks were noted just west of 
Schuler Beach, the actud contact king obsc~ired there rtlso. Tn both 
places, the Chirikof rocks are probably faulted against the basement 
mks, although the possibility of n marked angnlar unconformitg 
cannot be entirely eliminated. In both areas of outcrop on Chirikof 
Point the fop of the Chirikof Formation is submerged. 
T h e  Chirikof FomLuim is made up of boulder conplornemte, 

pebble ccmgl~merate~ coam sandstone, carhnaw~i s  shale nnd sand- 
stone, md possibly one lava flov. The boulder mnglomerab consists 
of large rounded boulders in a coam sandy mntrix. The pebble 
conglomentte is made np of angnlar to round pbbles of nrgillite, 
basalt, chert, and albite p n i t a  in a crudely hclded and poorly 
sorted sandy matrix. The sandstone contains nngular to rorlnd p i n s  
of q~~artz, plaqioolas~, nrgillite, chert, basrtlt, and carbonaceous fmg- 
ments cemented by limfi carhnaceorrs, and sil i c e o ~ ~ s  m~terid.  Ink-r- 
M d e d  with the mm sand  re beds of coaly dlale with many leaf 
and stem imprints and R few silicified tm limbs. Pyrite cr@als am 
camon in t.he carbonaceous parts of the formation. Fenturns such 
as mmany lenticular beds, crossbedding, cut-and-fill struct~~lres, and 
poor sorting all suggest deposition by streams or, especially for the 
boulder conglomemte, by waves along a gravel and boulder beach. 
The lava is an amygdaloidal keratophyric pillow lava containing 
albite, a little quartz that is apparently smondary, and much 
secondary calcite and chloritic amygdtrles. The base of the lava is 
exposed at only one spot and contains fragmenh of pebble conglom- 
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emte and sandstone. For some of its llength, the contact between the 
lnvn and the Chirikof rocks is il, fault, and for part of its length the 
contmt is below low tide in a narrow dot emded in the rock bench. 
The lava flow thus could ba interbedded with the Chirikof mks, or 
possibly it and the pebble conglomerate at its basa could be part of 
the basement rocks faulted against Chirikof mks. 

Chirikof rocks are cut by R. dike of diabtw nnd by an irregular 
offshoot from the sill of hornblende porphyry. 

Age.-Only two types of leaves in the coaly kds mere suficiently 
preserved for identification. Roland W, Brown of the U.S. Geological 
Survey identified one ns Cemh!!i;nhyElum sp. ~ n d  the other as AJnaca 
AZnifolia (Goppert) Hollick; the latter is the same species that  is 
mprssentsd in the Chuniksak Fonxtion.  Tbe age of the Chirikof 
Formation is regarded ns middle Tertiary. 

MASSACRE BAY FORMATION 

The here named Massmccre Rny Formation consists of st~baerial 
coarse sandstone, conglomerate, tuff, and basaltic andesita lava  flaw^ 
deposited unconfomably on the basenlent rocks. Its known otihrops 
are mainly in the-typ area near 3fass~cre Rny ; on the north ~ i d e  of 
Lookout Monntain; on the north side and in the center of Penceful 
Vdley ; along tha west shore of RIassacre DRY, including Lonf Islnnd ; 
and on CI~irikof Pnint east of AIexai Point. 

The formation is nt least 500 feet thick, nnd the maximum thick- 
ness obsemed is on BIcN~w Hill, C11iriko.f Point. No overlying rocks 
other than Quaternrrry nlluviurn nnd glacial d e p i t s  were found, 
m d  the original thickness is unknown. Gently eastward dipping 
b a t  congIomemtes of tlic J I n a r r e  Bay Formntion overlie steeply 
dipping argillite of the basement rocks nenr Schuler Beach and at. 
the first pass west of T'hiel Pass on Chirikof Point. 

The thicknesw of the snndstone nnd r o ~ n d s t o n e - c n l m e  beds 
r a w  from 1 to 50 feet. The sandstone is well M d e d  nnd shows scour 
features and crossbedding. The conglomernte shows crude bedding 
md much interlensing of coam mnd nnd p v e l .  Pebbles and cobbles 
are subround to round and consist of dialmse, nIbite p n i t e ,  basalt, 
kemtophy re, pywrracke, nrpillit~, siliwo~is dimentary mks (no 
doubt d e r i d  from the bnsement m k s ) ,  tlnd hwaltic andesite 
porphyry from the volc~nic me~nbers of the  3laasncre Bny Formation. 
In thin section, it rsn be s e n  thnt, f rngments derived from the haw- 
ment rocks are ronndd to subround, whereas those such as brown 
I~ornblends md zoned plagioclnse, derived from tho bwaltic ankite, 
are anguIar. 



The lava flaws of the Massacre Bay Formation are mamive, many 
have mlumnsr jointing, and pillow structure is absent. The flaws 
westher easily, in some places into marked spheroidal shapes. T h e  
h h  I&v& is dark purple to purplish brown and contains m n l l  
phenocrysts of olive-tinted plagioclnse and black rtugite or horn- 
blende. Commonly the lava is weathemd to grayish green, is some- 
what friable, and contains chnl ky white feldspars, conspicuous Mack 
hornblende or augih phenmrysts, and scattered white amy@ules of 
calcite or zeolite. Phenacrystsl are rtbundant and well developed; in 
some m k s  they compose more t h ~ n  half the ~olume. Plagimlase 
phenocrysts have oscillatory zoning find internal patchiness, and 
hornblende phenoerysts am russet brown and have rims of apaque 
material or of a fine-grained mixture of pyroxene and opaque oxide. 
Pyroxene phenmrysts are associated with them in some rocks. In 
these respects, the lams resemble many lrrvns in other parts of the 
Aleutians. (See Coats, 1952, p. 490.) Groundmasses of the lavns me 
composed of plagioclase, pproxene, magnetite, cristobnlite, tridymih, 
and zeolites, Hornblende is rarely pw,4ent in the; groundmm. 

Specimen 60- (table I), an andeafte from Lmkout Mountain, contains 
abundant @tubby plagfoclase phmwry&a up ta 1.3 mm long, mnny sl l~htly 
ragged brown hornblende phenwrysts up to 2 mm long, scattered area  chlorite 
peuaomorphs alter pyroxene, and angular grain8 of opnqne oxide as much ns 
0 2  mm in diameter. The plagiloclam phenocrystrr are labradorite-andeslne mlth 
moderate oscillatory zonin~,  and the more sodlc composltiona am In the outer 
Darts. Some at the hornblende phenocrysts ahow a a light zoning, and their 
plmhroierm is ruwt  to pellorn brown. Meaanred optic angIw of these horn- 
blendea are negative nnd rnnge from 67' to 74', and 2: c is abont 8'. The 
gronndrnasa containa plngloclnse, clinopproxene, magnetite, and a few pIeo- 
chroic yellow apatite cqvtala ~ e t  in a green chloritlc haw with gralna and imm- 
lar maasea d crikobalite. 

Specimen 50P215 another bamlaltie andmite f m  h k m t  Momtab, bas 
abundant pbenocryeta of  clouded labradorite-andedne with oscillatory zoning, 
~Unopyroxene, scattered cblorite pmadomorphs a f t ~ r  orthopyroaerre, srmtterd 
crgEltal8 of opaque oxlcle, &and a few rrlmed relics of brown hornblende, now 
mostly flne opaque oxIde. In another gpecirnrn from Jmkont Mountain (50P2113, 
only rape opaque relice- revpal the former presenm of an amphibole, whereas 
ireah cllnopyroxme Is abmdmt and fresh orthoppxene pbenocmata are com- 
mon. Zoned labradorlte-andesine phenwm.sts nre numerous. The groundmasws of 
both apecfmens 211 and 232 contain m?wh lnteratitial mnterinl of extreme nega- 
tive relief, probably cris-tobalite or tddpnlte. 

Many of the nndesite flows of the 3fa~idcre Bny Formation on 
Chirikof Paint contain few phenocrysts of pyroxene nnd nb~lndmt 
hornblende. An snsIyzed sample from these flows, 50P373, hns 
opaque black-rimed hornblende pmudomorphs filled with chlorite, 
leucoxene, and carbonate. The stubby cnlcic ~ I R ~ M ~ R S B  phenwrysts 
nre patchily replaced by carbonate, and a few square-oultlined masses 
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of carbonate suggest basal sections of original pyroxene. K~cmpheno- 
crysts of blocky nndesine and l~bradorite are set in a matrix of more 
d i c  phgiochse, quartz( R ) ,  ~ n d  fine opaque oxide. Specimen 50P369, 
another andesite fmm Chirikof Point, also contains abundant opqtqrre- 
rimmed relics of hornblende but no pyroxene phenmrysts. Both 
plagioclam phenacrysts and groundmass microphenocqsts &re 
pntcllily altered to sodic plagioclase and carbonate, Abundant tiny 
ragged d s  and needles of opaque brown materia1 appear to be 
relics of hornblende microphnocrysts. Much of the remaining 
gmundmass rn~kriral is s l ip lase  and quartz, apparently smndnry. 

Coarse beds of volcrrnic breccia and tuff as much as 78 feet thick 
- are interlayered with the k 1 t i c  mdesih flows in the Mamcre Bay 

Formation. The tuff beds contain Iapilli and bImlts of basaltic ande- 
site in which the hornblende is p n ,  not brown as in the Bavns. Flow 
breccias, consisting primarily of angular basaltic andesite boulders, 
nra prominent on hlch'ew Ell  and Loaf Idand. On the north side of 
Irookout Mountain many gfi'bbro botilders, some as large ss G feet in 
diameter, ere mixed with basaltic andmitic blocks in a matrix rich 
in hornblende, wertthered feIdspar, nrgillite pebbles, and cnrbonized 
.rvmd. These are probably rolcanic rnudflowa or arnlnnchw. '?rInny of 
the tuffmaus b d s  are rnixtl~res of suibrotmd detribl mck fragments, 
angular volcanic breccia  fragment,^, bombs, and wh in matrices of 
coarse sand, coarse ash, nnd green chloritic material. 

A small patch of cong1:lomerute of hornblende-bearing lava cobbles 
on the mck platform on the east shore of the TITest Arm of 
Eevidiskov Bay dips wmtward a t  n low ~ngle  nnd unconfomably 
overlies argillites which strike generally eastward and dip steeply. 
This conglomerate is tentatively mnpped ne 3fassacre Bay Formation 
k e a 1 . 1 ~ ~  of its p n  colors (in contr~st to the red of the Paneto 
Formation} and the presence of frafiments of andesite rich in com- 
mon lrornblende or oxyhornblende. 

Age a d  dapositiond mtvironment.-Lack of fossils precludes 
dating of the Jfnssacre Rny Formation. Fmm the composition of 

rn the pebbles in conglomemts, and the unconformable relationship of 
the formation with the basement rocks, it is evident that the 
Mawacre Bay m b  were deposited after intrusion of the gabbroic 
and diabasic rocks md the nlbite pmite ,  and after deformation and 
uplift of the bnmrnent rocks. Inasmuch as gabbm and &abase cut 
the Chuniksak Formation, the JIassacre Ray Formation must lm 
younger than Miocene, nnd glacial fencures indicate that it is older 
than the last Pleistocene ghciation. A l a b  Tertiary or carry Pleisto- 
cene age is probable. 
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The lava flows, stream deposits, land mudflows, and volcanic 
avalanches of the Massacre Bay Formation w e e  deposited on a 
surface af considerable relief cut in the basement rocks. Rounded 
pebbles and cobbles derived from the basement rocks were mixed 
with pyroclastic mataria1 from cantempomneous eruptions. The 
presence of carbonized wood indicates a forested area. 

FANETO FORMATION 

T h e  here named Faneto Formstion includes at lettst 1,500 feet of 
coarse red elastics. In the a m  northwest of Holtz Bay the Faneto 
clagtic materials r& on the Chunikaak Formation, apparently along 
an angular mconformity. No actual contacts were m, but along 
the beach and in the steep ma cliffs the Chuniksak beds are much 
contorted and have deep to vertical dips, whe~eas above the cliffs 
~ n d  just inland the Faneto beds have moderate to gentle northerly 
dips and am cut by normal faults but am not greatly contorted. 
Furthsmore, the Faneto Formation wntltins a high percentage of 
pebbles of argillite resembling the Chunihk argillite. In the vicinity 
of F'aneto Hill, 4 miles west of West Arm Haltz Ray, the type 
locality, the formation rests on deformed albitiized and propyllitized 
lavas find interbedded sediments of the bsemant r o c k  The Fmeto 
beds thus must overlap the Chnniksak beds onto the basement rocks, 
although this overlap was not actually traced in the field. 

The subaerial Faneta Formation consists of pebble, cobble, and 
hwlder conglomerates, coarse sandstone, coarse grapacke, and thin 
argillite lenses. Beds me predominantly red and greenish red but a 
few are gray. Pebbles and cobbles are mund to subangular and cam- 
m d  of lava, argilIih, pbbm, and diabnm. Sorting is poor and 
bedding is gmeralEy coarse with mt~ch lensing and crowbedding and 
many cut-and-fill structures, indicating deposition by streams. The 
basal beds are the mar&, and the beds become finer grained upward 
in the formation. The d color partly results from abundance of 
pebbles of red argillite; but some of the lava pabbles are red also, 
and in one place the basal conglomer~te, rests on a reddish lava. 
Thus, much of the redness may be attributed to emion of the; red 
basaltic laws. Typical Faneto sandstone is men under the microscope 
to consist of angdar to tosubround p i n s  of ttrgiIIite, basalt, 
keratophyre, albite granite, quartz, weathered plagioclm, pyroxene, 
hornblende, cllIorite, epidote, and oprtqus oxides, mostly magnetite. 

Age and depo&tbnuZ e ' ~ z ~ ~ i r m m e n t . - ~ e  age of the Fansto Forma- 
tion is not established definitely, because f o ~ i l s  are lacking. It iis 
younger than the basement rocks and the Chunikmk Formation nnd 
younger than the diahse and dbite granite, It was deeply eroded 



by glaciation and thus is at  lenst older than the last glwiakion. I ts  
age relation to the Jlaancre 13ny Formation is obscure, but the con- 
tent of hornblende in many of these clmtics implies post- or 
syn-Masacre n n y  age. Thus, the Fnneto Formation is late Tertiaq 
or early Pleistocene in nge, and perhaps the youngest preglacial 
deposit on the idnnd. 

The Fnnetu rocks are presumed to have been deposited by heavily 
loaded strenms on n saherjal termin. The constituent fmgments 
were derived from the bitsemmt rocks, and the Chmiksak and p r -  
haps 3nIassncre Hny Ebrmntions. The h e s s  of the forrnathn 
perhaps reflects wefithering of the fragments of the older rocks it 

* conhim. 
SURFICIAL DEPOSITS 

Here only n brief revjew will be given of the deposits of turf 
mantle, nlluvium, till, dune, nnd beach material. A fuller description 
and discl~s~lion of surficial deposits is given by J. P. Scl~afer in t11e 
emtion, L%~rficial &logy of the Near Islnnds." 

Much of Attu Island is covered by n mantle of tundmlike turf 
cllaracteristi~ of the Aleutian Islands nnd part of the Alasknn main- 
land (1Zsllogg and Nygard, 1951). The turf is only a few feet thick 
aver most of the area, and it is absent on mnny d ~ c i ~ t e d  knobs. 
Where rmks are easily broken by frost nction, the tnrf rn~nt1.e is 
well developed, and on the many steep slopes the turf mantle has 
crept dnmhiII, producing low termces or lobes. 
T h e  dracial till deposits nre shown on the geologic map (pl. 80) 

principally only in areas that were visited in the field, and they are 
divided as far as prnctical into grnnnd-moraine deposits ttnd 
terminal- or Irtternl-mornine deposits. Mnny Rrens of thin hmund 
moraine am not sl~orm. Terminal and lnternl moraines are very 
limited in extent and consist mninly of  mnterinl deposited dnring the 
late minor rendvances of ice vihiell scarcely renched boyond the 
cirque mouths. Such smnll morninn1 fentures are especially common 
in the high rnountnins just, 11ortI1 of Etienne Ray. Two end lnorainea 

8 

nt some distance from the cirqne nrea, howewr, am fomd in Addison 
Creek milley nhout 2 miles nhVe its mouth nt Haltlz Ray. Although 
suclr end rnomines mrty exist in some of the other long alluviatd 
valleys, they Irere not recognized. TI18 terminal moraines of the main 
gluci~tions are oflshom, for exnrnple in Jfnssncre Bay {Scruton, 
1953). 

Alluvial fill, some of it no donbt oot.wash material from receding 
molintain glnciers, mcupies the major valleys. An especinlly broad 
v~lley fill is that of tlla Temnac River; i t  extends some 5 miles 
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upstream from the river mouth and has a gradient of about 40 feet 
per mile. As in most other Attu valleys, broad low coalming alluvial 
fans occur along the bases of the walls of Temnac VaIley, in places 
crowding the main stream to the opposite wdl .  Most alluvial fills 
am continuous to the ocean, but a notable exception is that of Winter 
Lake on Diehm Creek, perched some 800 fmt ahve the creek mouth 
at Steller Cove. 

Sand beaches are common at the heads of the bays! and coves, and 
the more prominent ones are shown an the geologic map (PI. 801, 
which does not distinguish, however, between present-day beaches 
and old raised beaches, Commonly, a nRrrow sand beach lies between 
t h ~  tide-washed mck bench and the base of the shore cliff or slope. 
Material of the beaches is pneraIly clean sand and rounded pebbles. 
Bodder beaches, not shown on the map, are present at a few placw. 
Raised beaches are spectacularly displayed nt the heads of some 
bays, such as Etisnne and Woltz Bays, and in some plam they indi- 
ctLte at least two stands of the strand line above that of the preaent. 
The long stretch of raised beaches htween Shller Cova and Earle 
Cove on the north shore suggests more uplift of this area than of the 
rest of the island, and the low fault scarps across these beaches indicate 
that differential movements have continued to very recent time. 

INTRUSIVE ROCKS 

Diabase, pbbm, albite granite, hornblende andesite, and qunrtr, 
keratophyre are tha main types of intrusive rocks on Attu. A com- 
mon contact effect is the aalbitization of tuffs and sediments around 
some large igneous m a s s ,  which themselves may be a lb i t id  to 
varying degrees. The following discussion gives the geologic setting 
and brief descriptions of them igneous rocks. 

DLABABE AND MBBRO 

Sills and dikes of diab.base (in some p law more gabbroic than 
diahsic in texkure) with no apparent orderly pattern of distribution 
make up about two-thirds of the intrusive mcks of Att~t. Only the 
larger bdies are shown on the map (pl. 80) ; many additional dikes 
and sills are tm small to be shown at the map scale. Tha apparent 
lack of diabase on the map in central and western Attu may 
be misleading because this amn mas mapped only in roughest 
reconnaissance. 

The mks in this group include not only the thin mafic dikes and 
sills with tnle ophitic texture but also the rocks of larger and ptl- 

erally less regular mafic intrusive bodies which, with or without 
ophitic tadurn, are part of the d i a b  series. Both in detail and 
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in gross p o l o ~ c  setting the mite showa many similarities to the 
<%holeiite quartz-dinhnsa iwmintion"' reviewed by Turner and 
Verhoonn (1951, p 177-188). The plagioclase is propssiveIy zoned 
from as much RS Anlo at the centers to An,, or lower at the edges. 
In the quartz diabnse the quartz is generally interstitial and p p l z -  
ically intergrown with aalbli feldspar, which is in crystallographic 
continuity with plagioclase. Biotite, chlorite, sphene, and apatite, 
where present, are usurtlly assminted with the interstitial qnnrtz. 
Pyroxeno js invariably present md was f m d  to be augitic rnther 
than pigeonitie in alT exttmpIes for which optic angles were deter- 
mined. Uralita is a mmmon alt~mtion product of the pyroxene, and, 
in turn, chlorite has developed from some umlite. In a few mks 
bowlingitelike massas, which resemble pseudomoqhs after olivine, 
are present, 

Following are brief petrographic descriptions of individual dia- 
base specimens af Attu. Elurtl~er descriptions are given in the mtion 
on Aettu Island, the diabtbams of which show variations simSI~r ta 
those of diabases of Attu. 

Specimen ilsW2la (table 1) is fmm a diahse sill at  the month of Chunikaak 
Creek on the eonth ~hore of Attu. It is coarwely ophitic and contnina 59 ~ r c P n t  
plagioclaee, 17 percent angite, 20 percent chlorite (including some bowllngite 
and a little amphibole and biotite), and 4 percent opaque oxide by volume. Thp 
plagioclase shows progressive zoning from about Anns at the centers to n# low ns 
An, a t  the edgea of some crystala and is cut by atringem of chloritic material. 
Augite crpstala shw optic angle8 (+) 2V = 50' + 2' and bn index 7tY = 
1.692 k 0.003, haplying a mmpoaitlon near Ca.,lMgroF~ 

Speeimen 49W26 (table 11 is a cliabnw from the central part oi a sill at the 
U.S. Coast and Gdet ic  Sumey triangulation station DIVE. This is po~1bl.v the 
mme siI l  as that from which 49W21a was taken. T h e  rock ~ E I  coarsely ophltlc 
and contains 48 percent plagioclase, 13 percent ireah nuglte, 3 percent amphibole 
and biotlte, 32 percent saponitic material (altered glaea and ollvlne?), B per- 
cent opaque oxide, and about 1 percent ai prehnftc, ~phene, and apntlte. The 
plagioclase rlms are clear albite-oligoclaw, but thc bulk of the plaprloclaae crya- 
trlls ie cIoudy sanssurite. The few remnmts of labrndoritc (Anur) atand oat in 
bold contrast against tbs sanmritlsed plngioclnse. Anglte cqatnls have 
(+)ZV=51°55' and rrY=1.6Wf 0.003, implylnn R cornpodtion nenr C n d g r s F h .  

Specimen 49F53 (table I), from nn int n ~ e l r e  above Bonnrnn neach, Ternnac 
Bay, Attn, Is a quartz gabbso haring n hypldiomorphic texture. A modal nnaly- 
gls ~h0m.a 58 percent pla&wlns~, 19 Wpercent nugitp, 12 p r w n t  chlorite material, 
10 percent qtlnm, and n h n t  1 W m n t  o p q n e  oxide and apatite by volume. The 
plagiocleae b commonly zoned from n e w  Anm st  the center to An= near the dm, 
then suddenly to as low na Anls In the rim. The augitc, showing mme diallage 
structure and ernbagment by urallte, harr (+) 2V = me to 55" and nY = 1.6W 
2 0.003, implying a composition mar Ca4rMg~F&. The qua* occurs in the 
mesoatads intergrown with ~oclic plagimlas~. 

Specimen 50PZ95 (table I ) iu n pnrtly nlZ>ltEzed qunrhdabree from the quarry 
at Cnsco Bay, Attu. It has an ophlttc t ~ x t u w  and contains g5 percent plagiodase, 
16 p e m t  itugite, 12 percent chlorite (Incledin~ a little biotite and amphibole), 
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3 percent opaque oxide crystals, and about 5 percent interstitial quartz. The 
plaglwlaae is mwtly cloudy albite in which only scattered islands of original 
labradorite (Ans.,) remain. Augite is partly altered to nrallte bnt where fresh 
has (+) 2V = 51" to No and leP = 1.696 * 0.003, implying compositfon,ns near 
ca,Mg&&m. 

Contact alteration effects of the dinbase are apparent imdly. A 
common effect on basaltic tuffs is conversion of plagioclwa to albite, 
and then of pyroxene to amphibole. Examples of mild albitization 
and amphjbolitization of basic tuffs are described with the diabases 
of Agattu. 

Age.-htrtaion of difibase nnd gabbro clearly antedates the 
Missacre Bay and Faneto Formations. Many dikes of diabase intrude 
the Chuniksak and Chirikof Formations; thus, these am not dder 
than Miocene. Most of the di~baae and gnbbm, however, cuts the 
basement rock in areas where yaunger rocks nre missing, making it  
possible that some is older than Rlitxene and perhaps is the intrusive 
equivalent of the mbrnarine ertzptions of bsalt of the basement rocks. 

ALBITE GRANITE 

Albite granite murs as irregalar masses in the Steller Cove aren. 
(po~ ib ly  the locality referred to by Kondo, 1931) and as a small 
stacklike mass enst af Biikhail Point; all masses are surrounded by 
h e m e n t  rocks. In the SteIler Cave area, t,he granites cut some 
gabbmic intrusive m k s  and nre cut in turn by diabaso and 
keratophyric dikes. In hand specimens the albite grmites nre vari- 
ously gay, pale pink, or purplisl~, nnd some contain euhedral gray- 
p n  feldspars up to 5 mm long, Grain size may vary widely even in 
the m e  outcrop, and in some parts of an outcrop the rock may be 
m i c r o p i t i c  and have phenocrygts that are irregular knots. 

A halo, as much nns 2 miles wide, of albitizad and siIicified bnsemenc 
rocks s ~ ~ m ~ ~ n d s  the albite granite masses in the Steller Geve &ma. 
The= altered country rocks, which consist mostly of conglomerah- 
and subordinately of nrgillites and volcanic rocks, are dense and 
gray to pale Mrle. In outcrop the primary sedimentary or volcanic 
fabrics are cut by light-colored ~~einlets. Albite porpl~yroblasta up to 
5 mm in length are s c ~ t t e d  thmugl~out, and mmy extend across 
contacts between pebbles and matrix. Thin sections show that the 
chief constituents of these altered rocks are albite and quartz. Fy fox- 
ene, hornbIende, chlorite, spidote, spbene, and magnetite are e n -  
erally mra, except in relics of h m l t  fragments, where the original 
basaltic texture is retained in spite of drastic changes in mineralogi- 
cal composition. 
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Specimen W W Z  (tab1,le I ) ,  an albite m i t e  fmm the p i n t  between Blonde 
nod Rrunette  cove^, Steller Cove, in  pale pinkish pnrple in hand q'mirn~n rind 
contains eubed~al coarse green-gray feldspar cry9tals up to 5 rnm in length. In 
thin wction the texture in h~pautomorphic granular \vlth much mlrm~raphic 
and mymekit ic material. Stubby euhedral to subhpdral cloudy alhtte crs-sttlls 
predominate, colnmonly in crmtallograpbic continutty with the albite of albite 
&art= micrographic lntergrowthrr. Some m-ekitic reinlets mt acrow albite 
and He along noncrystallographk grah boundnri~s. The clondg and dusty 
plagloclaae ranges from Ans to A&, based on extfnctlon an~lea, wherean the  rare 
clear patches are oligoclase. Multiple twinning on the albite law is common, ire- 
qnentlg accompanied by subordinate twinning on the peritline (or aclhe) lam. 
The outer parts of most albite crystala axe untwlnned. Aboat one-flfth of the m k  
b clear qua*, both as a commnent of the mlcropepnntite and as indhidual an- 
hedrd grains. Amphibole Is scattered through the rock ns ragw crygtals, only a 
few & which are eahedral and many of which enclo~e grnlns of quartz, albite, 
epidote, and magnetite. The main part6 of the nmpbimle have brown to yellow 
pleochroism, positive elongation, and a moderate extinction angle. Thls material 
grades outward into thln rn~ged rima, and extendons have blue-violet to green- 
blue p~eochrolm, negatire elongation, and low extinction nngle, Indicating a 
swlic variety of amphibole, wrhaps riebecB1te. Magnetite, pyrite, epidote, titan- 
ite, and chlorite are accessories. ChemIcalFg lthe rock ia notable for it3 soda 
content, T.32 percent, highest of any of the analyzed Mear Island8 rocks, and for 
its low NiggU value, b = 0.157. 

Other specimens of n1Sit.e granite, in comparison with the one 
described above, contain ns much as 5 percent of common p e n  
hornblende as m g p d  crystals hcking the sodic rims and extensions. 
Some have as much 5 percent epidote which, with calcite and 
chlorite, may give the rock a more altered appearance than that of 
50P302. Generally the rocks wit11 finer texture wrn to hnve less 
qunrtz, TWO nlbitite "dikes" on the point mest of Bwaette Cove are 
no doubt clowly relnted ko the albite granik. 

Age.-The oldest albite p n i t e  is seen as blmks in hratophyric 
tuffs in the basement rocks. The main intrusions of granite cut tho 
b m e n t  mcks, nnd their encircling halos of nltwation have affected 
some gabbroic rocks. Also, diabase dikes (too narrow to show on the 
map) cut some of the albite granite. Boulders of nlbite p n i h  occur 
jn the Cllirikof Formation. Thus, the intrusions of nlbite grnnite 
may hw-e taken place over a span of time, but generally lmfore 
Miocene. 

QUARTZ KERATOPHYRE PORPHYRY 

Several dikes of quart.2 keratophyre mcnr in widely separated 
parts of Attn. They are generally alike En texture and mineralogy 
but not necessarily in a p .  One dike cots the bnsement rocks on the 
tip of Ternnac Point about 2 miles m e  of the keratophyric flows on 
Murder Point. Another dike with prominent flow lines (fig. 109) cuts 
albite granite in t.he StdEer Cove wen md is in cut by diabase ; 



this dik~ :tppmrs to he n~smintad with t h  rrll~itfi granite cnmplrrt. 
A thirrl 1 ; ~ l n t n l ) l i y r i c  dike cuts t h ~  Ii'nnetn Formfition nt~rl  f 1 1 1 1 ~  i~ 
comp:wxti\-cly yoisng. In Ilnnd sperimpn the, qnartz kt.r:~tnpl~yrrs 
shon. r11:tI l;y ~vl l i  te ~uhed ra l  r ryst:~l? a l' feldspar and smnll~r gl:tssjn 

grxins n l  qunrtz in RR nphn l l i t  ir l~ltiislt-:.my t o  light-gray pormd-  
nlnss. 111 thin section, tllc ] ) r i i l r i l l :~ l  ~ l i i l ~ t r r n l s  nrc seen to I)r nl2)ite nncl 
qt~nr-tz in  11 ,rrrotlndmnss r n l l s i 5 t i n ~  o f  fl r l n t ~ t l y  tlifrust! mosnic of 
~l11art7; and alhitp, miUl 1~ f m ~  sllreds nnd gr:l i i ls  nf r~lc i tr ,  ~ p i ~ l o t e ,  
chlorite, magnetite, nuil n t x ~ t i  tp. 

Fmcnr: lnl).-Qunrtx krrnznph~rn dlkr, b~tu-een Blonde and 
Ilrllnettp Corca. S t r l l ~ r  mrr, . \? t l~ ,  fihnwlng flow linep. 

Specimen 5OP312 (table I )  I R  $1 rnrpliyrltic quartz k e r a t o p h ~ r ~  irnm the dike 
rutt ing Functa Hill. P h ~ n n r r ~ ~ t . s  Inr l t t t l~  n l l ~ i t ~ ,  bnth ns sinc.1~ cuh~drnl rrystaln 
R A  much as 2 mm in  d inmrtr r  nnt? rirr V~IIR~PPS.  Round~rl nnd r rn l lny~d qunrtz 
~ r n i n s  np to 1 mm dinmr~tr r  l u ~ d  t:irrb rizl~rrlrnl trllaqur nsirlr rmntnln up tn 0.3 mm 
dlnrn~ter nre nssoci~ttrrl 11-it11 rhr  nll>i l i~.  Tltr :l lbitr ~~lrm!~rrysts nrr f lrrk~d with 
serlcit~, nnd t l lr  cmtr:il I ~ n t t s  o f  .*rr!Ilch :krtS :I ~rlattvtl i l~tr>rgrnivll~ of srririte nnd  
calcite. I'olgsynShrilr twr-i~r~ nn tllt, : ~ l l ~ i t r  lnrr nr111 or1 I l ~ t b  ~lrhl-Eclinr or acline Inn- 
nre well r l r r r lnpd .  T1~b ~ r r l n r ~ d ~ n n ~ s  is n fe l t  nf f l r ~ r - ~ r l ~  l l t r ~ d l  nll~itr and rlnnrtz 
( in  plnwq gr:r r~n l~ l~yr l r* )  I llrnl~clr t~tl ic.11 :Ire .(-at t tarr.tl Itrvbs of t i~ r i r i t e  ns in  thr 
nl hi( e ~ J I P I I c # ~ ~ J ' - ? s .  J~rzrrnsent~, ]>rullnl~lt  : ~ f t r r  Ilnuar~i t~ n r ~ d  ~ l g l ~ ~ n e ,  n l ~ o  ir 
ficnttcrftl tlr rou$t~ tllr ~ m n n r l ~ u n s s .  :?A r~rv i n ( l + * l ~ ~ ! i ~ l ~ ~ l t  1n1r11l t~ cryst~ls of opnqilr 
oxide. Apnt i t t a  nntl zircon ( ?) art1 ntlrllt l n ~ i n l  :iv(-wsory minernls. The xrr l r i t r  
would nrrount for a lnrge part of tile l ~ l t n ~ l l  sliown in t he  chemical nnnlgwm 
(2.88 percmt), and the cnlcite wonld rlrrormt for some of the lime (1.14 percmt). 
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IIORNBLENDE ANDRSTTE AND DACYTE PORPHYRIES 

I'l'idely sepnr:lt~d :llhens of Att 11 cont:~in 11ornl)Icnde nntlcsi tt? and 
dncite clikes and storks. .l.~nong the* :trr tnro stocks and s ~ r r m l  rlilrcs 
thnt rut tIw \ ~ : t s e i ~ ~ ~ i i t  rr3rl;s 011 C1lirik0-f Point, dikes tImt  it t l l ~ .  

I)!ISPII~PII~ M ~ I ~ s  ~ 1 s t  of ,thr0ha111 TE:tpw (fig. 110) 2nd Steller Corr, 
:a si~-:-:lrln of dikcs tllnt intn~cle tlw Cllrlt~iksrtk Fonnntion in t,lbc.. 
Illlu~lil;snk Point area, and :I dike t l ~ t ,  rut.: thp hnlo :~rolmrl thn 
t~ll)itr ~ r : l n i t ~  in the St~1lt.r. I1ol*r srca. ,'To I~nrnl)l~nrlr, xnclesitc nr 
(1;lritc i~ltrusires were follnd in tllc wry I j r i~f  rrrnilr~nissnnre of tlle 
f nr 11-~strrn p:ut of the islln~rl. ;\T:lrl~. of tllc l~cnbnlllrndc-1,eari11g 
i n t n ~ s i r ~ s  nm nlinetl npprosiaiintrly rnst -rrest, esperir~ll y nn Cl~irifinf 
Point nntl in t,ItC CIilrnilcsnk Point :llnr:l. 'l'l~is alincltle~lt ~xtrn l l~ ls  n 
11mntE zone of ~ n s t - w ~ s t  nnrnml i:lltlts, samP of them tn)~t,rrl:wi~l, and 
nf spotty pyritc ~ninrmlizntion tlrnt rst~l lds  front rlbrnhilrn H : L ~  
21~fkrly to the ~ n c l  a f c h i  ri kof Point. 11 orlll>lr~~de-lwfiring di ltr,s !away 
from t,his fault zonp, swA ns f he one 011 C I ~ i ~ ~ i l ~ s ~ l i  Point nntl the one 
in 1 IIP  St~ller Cave nrca, ILVC orientecl rot1~111y nort,ll-south. 

'L'lla Ilornldend~ :uldrsitr ~rnrl rlncita of tlw r l ik~s  ronsists chirfly of 
~ I : ~ ~ , P ~ o I ~ ~ : I s I ?  :ind ~ ~ R . ~ T I ~ I P I ~ ~ P ,  in 31111ie 1)l:lces :~rrornl):u~ied by pymscne 
1~0th :I< 1111~nwrysts nrtd i11 tllr ~ r n ~ m h i ~ a s s .  In  spite of I-nryinz 
rleg~rcs o f  : ~ I t ~ t . ~ t i o n ,  the dikes l ~ n r ~  n number of cl~nr.i~cteristics in 

407-33.6 - 7 1 4  
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common. I n  most of them, plagioclass pllenocrysta are zoned with R 

labrrtdmita interior and an andeshe exterior. In soma the zoning is 
gradational, and in others, oscillatory. Most plagioclase phenmr& 
are fresh, but some are veined and embayed by albite. A thin rim of 
more ~alcic  feldspar is typical of feldspnr phenocrysts and of some 
microphenocrysts in the gmundmass. In some o.f the rocks, horn- 
blende occurs as zoned rngged phenmrysts having a prtle-gresn 
exterior and a d a r k - p n  interior. Gromdmasses consist of small 
plagioclase and hornblende microphenocrysts and accessory minerals 
set in a rnomic of du&y and clol~dy s d c  plagjocl~se and quartz. 

Spedmen 49WM (table 1) was collwted from the dike at the contact between 
the Cbirikof Formation and the baaement m h s  along the south shore of Chirikof 
Point. The band specimen t4hows black hornblende laths and Eltabby chalky- 
white feldspar pheooerysh in a pale-grafiah-green aphanlUc groundmass. In 
thin section the principal phenocryst mineral is seen to be enhedral labradorite, 
most of which shows both oscillatory and gradational mdng from a labradorite 
interior to more mdic exterior. Many of the gracbtlonally zoned crystals are 
veined and embayed with albite, which in some crykals isolates islands ol  
original caaIdc plaglmlme. Around the edges of Borne pbenocryats 19 a discontinu- 
ous narrow band of plagloclase more cnlcic than that of the body of the cryshl. 
The s e ~ n d  most abundant phenocrysts are green hornblendemgged remnants 
of apparently once euhMral m-yptals. The bornblende shows o l ivemen to pale 
yellow-green pleochroim: n few myshls shorn IrreguIar color mniog, having 
a pale-green outside band surrounding a darker green interior. Extf nctlan angle 
Z: c is about 15". Chlorite- and epidote-filled euhedral pseudomorphs after py- 
roxenc ~arthopyroxenc?) nrc common, and a fcw phenocryeta of clinopyroxcnc 
and opaque oxide are preaent. The gmundmass containa many small tabular and 
lathlike crystals of labradorite, either gradationally or sharply zoned, with a 
more calcic interior and a sodlc exterior. Some of the c~gstale  are partly dtltered 
to albite. Small ragged shreds and r& of very pale green to colorless horn- 
blende; mall grains and rods of clfnopyroxene; chlorite ; and amall w s t d s  of 
apatite, tltanite, and magnetite are also present, set in a ria@ cloudy momic 
of quartz and alblteoltl5oclaae. 

Specimen 49WB was collected Prom a dike that cuts the Chnniksak Forma- 
tion on the ridge northwest of the head of West Arm, Nevidiskov Bay, The hand 
~peeimen has prombent white feldspar phenocrysts and less prominent black 
crystal# of hornblende in a brown groundmass, Miemopic examination ahowa 
the feldspar phenocrysts to be of two distinct types: we clear labradorite, the 
other rounded turbid slodic pl&oclase. The 3rst type m r s  as etubby Cr~s~lS, 
mcfilatorg zoned from Ana to h l r ,  Closely rewmbllng the oscilltit~v zoned 
crystals: in specimen 49W36. Some of the edges of tfie clear cqptals are sUghklg 
corroded, and a few h a ~ e  a thin discontinuous rim of plaglocIme of composi- 
tion about An, The other type of phenocry~t iu subhedral and consists of 
thoroughly altered gradationally zoned felrlspar crowded with flecks, grains, 
and shreds of calclte, chlorite, amphibole, and magnetite. Alined along cleavage 
planex are small irregular strings of isotropic material suggesting glass or 
frfttlng. The feldspar containing these inclnsions has Iow index and relief and 
ia  probably albite, although it Is so obscured by inclnaions that Identification Is 
not certain. Around the edg@ of them highly altered crystals is a rather eon- 
tinnous thin band of more calcic plagioclase with a composition of about b a ,  
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8imilw to that of the dm around the clearer plagfoclase c w h k  and to that of 
the r i m s  aronnd Etome of the feIdspar phenwrgets in specimen 49W36. The horn- 
blende phenocrgsts are mgged eubedr~l cry8tals pleochroic in pale gellowi& 
green and dive green ; some have n darker green interior aharply set off from a 
pale green outer rim. In addition to the plagiocltrse and hornblende, several 
rounded grains of titanite and apatite as much as! 0.4 mm in diameter mere noted. 
Groundmass crgstah of pltlgioclase and hornblende resembIe c I o ~ I y  the cryt3tnls 
of the same minerals in specimen 49WS6, but hornblende shreds are condderabl~ 
more abundant. Accemery minerals in the groundmass include calcite, apatite, 
and magnetite. As in the other typea of hornblende andesite, these groundmam 
crgratal gralm are lset in a cloudy mosaic of quartz and albite. 

Specimen 50Sn52 is from the narrow dike that cu& the halo around the albite- 
granite in the Steller Cove area. The hand sgecimen ~lhows abundant blaclr 
laths of hornblende, mme more than 1 centimeter long, in a grayish-brown 
aphanltic groundmass. The thin w t l o n  reveals several dlfference~ from the 
other hornblende porphyrlea. Feldspnr phenocr~~ts are dbite ranging in e o m p  
&ition from An0 to An,, halve I r m l ~ r  corroded outlines, and contain mattered 
eplotches of epidotp, chlorite, and amphibole. Diacontinnomly mrmnnding the 
albite are narrow rims of more calpic feldspar wlth a compmition from An,o to 
Ah. The hornblende phenocryfita arc euhedral and have many sharp crystal 
boundaries and slightly rounded corners, but their edges are not m ragged 
as thosts of the hornbl~nde phenocrgsts in the other rocks. Pleochroism is 
pronounced, the color ranging from n pale yellowish green to a pale grnss 
green. Many grahu are distinctly mned, having a Ught-green Interior and thin 
concentric layers of even lightpr green and a ~Hghtly darker green ontermoat rim. 
&tinction angles of adjacent zones mny aiff~r hy ns much as 4'. The t~bular 
and lathlike plarloclase Cryst31~1 of the prountlmass arc! murh more calcic than 
the phmoc~gets; their compoaltion is  almut the same as that of the plagloclase 
rims mound the phenocrysts. The mundmass contains calcite, magnetite, and 
moderate amounts of hornMende. Again the diffuse MOS~IC of quartz ant1 albite 
is preaent in the background. 

Age.-The hornblende nndesite and dncite dikes are clearly 
younger than the Cllltniksxk Formation and, Ilencc, must ba late 
Tertiary or early Pleistmene in age. The possibility that, they are 
also younger than tho dinlsnm-albite granits rmks is suggested by 
the fact that the born~ende-l=nrink dike in the Steller Cow 
area is not  nlbitized, xs are the other mcks in the n~irecile. Similari- 
ties in mineralogy hatJween tIis hornblende-haring dikes nnd tho 
Ilornblende-lwarin Iavas of tha Rlassacre Bay Formation suggest 
that the two may be contempornnmus. 

Conspicuous red t o  reddish-brown zones of pyrite mineralization 
m u r  in all types of rock and are of all sizes, ranging from s m d l  
isolated pods a few feet in diameter to brond meas 273 mibs long 
and 1 mile wide. Conspic~~ous but not universal in many areas is n 
roug11Iy eastward trend of single large eloneke zones or of alinement 
of small zones. This trend parallels tha t  of-many of the llornblende- 



haring dikes and of many of the more mnspicuous f a t s ,  some of 
which rare postglracial. The pyrite zones, however, are not mhictedly 
associated with the hornblende-bearing rock nor with discernible 
east-mest faults. 

Mineralization has not been confined tb one single epfde ,  for 
pyritized pebbles in unminemlized matrix were lomd in many 
conglomerates ranging from those of the bsernent rock Co those 
in the 11a~sacm Bay Formation. Broad mineralized zones are con- 
spicuous in the formations older thnn the 3iamcre nay Formation; 
two prominent zones am asminted with swarms of hornblende- 
bearing dikes at  Abrttlinm Bay rtnd Chirikof Point. Here some of 
the dik~ rock is mineralized to some extent, and some is unn ffeeted, 
At Lookout: Mountain, mineralized basement rock is overlain nncon- 
formably by unminemlized clastic racks of the Massacre I3ny Forma- 
tion. However, them is pyrita rninernlimtion in some mcks youner 
than the Massacre Bay. One 7dne just of K m t a  Point, in fnct, 
cuts across ~mconsolidated gravels on nn old raised beach. No doubt 
there have h n  rt number of ep ides  of pyrite mineralization during 
as much geologic time as is represented by the mks of Attn, from 
the oldest to tha postglrtcial sediments. 

The minemEimtion has set-em1 ftwies and eonsidemble variation 
in intensity. One facies, prominent on Chirikof Point and involving 
both the basaltic andesite flows and the hornblende-haring intrnsives, 
is nssociatd with mnch albitization and silicification, p w t h  of 
much epidote nnd chlorite, and lesser amounts of pyrite than nre 
found in other types. A second type, found east of Abraham Rny, 
is rich in introduced pyrite, calcite, albite, and zeolite and forms 
many chalky white reideta and white patches, which in many zones 
give the host m k  n claylike nppearanm where red iron stain is 
absent. I3m metal sulfides other thnn pyrite am rare in tho mineral- 
ized mnes. A few cryslnls of galena and chalcopyrite were noted jn 

veinlets, and labomtory tests of dtered material from Chirikof 
Point indicated only tmces of lead and copper. 

STRUCTURE 

The intricate faults nnd scarcity of persistent marker beds in the 
stmtn of AEtu Llnnd E~andicnp any detailed exposition of the struc- 
turn of the islnnd or reconstruction of the dishrbed beds. Most 
of the faults mapped  re normal, and many probably have large 
components of strike-slip movement, Direct evidence of thrust fault- 
ing was not found. The abundant normal faults, together with 
innumerable jaints, divide the island into a plexus of individual 
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bloch, which during orogeny no doubt moved somewhat. inde- 
pendently of each other. Folds are mostly broad and o p  and am 
subrdinated to the faults. 

The geologic map of Attu, plate 80, shows dips 4lmd strikes, and 
also the more prominent faults locnted in the field. Most dips in the 
bmment rocks are northward, and many exceed 30". Those of the 
Chuniksak Farmation are southward on the south shore, where it 
forms a shallow syncline, and northwnd on the north shore north 
of Holtz Ray, The Faneto Formation nppars genezrrllg to dip 
northward in its limited areas of outcrop. TTTitll t~he exception of the 
Chuniksak Point shallom syncline, no major folded structures were 
found in the course of the mconnsissance mapping. The dips of the 
Chuniksak and Faneh Formetiom sugwt ,  horremr, that the island 
is a broad anticline wit11 nn enst-mest-trending axis. 

The area of Cnsco Point and h o k o ~ l t  hionnbin overlooking 
Massmre Bay was sxrtmined in mom detail fhnn ll~s rest of the 
island, and the picture of stnrctuml complexity obtained thore 
probably typifies much of the island. In R 1,30i3-foot stretch of b ~ m  
rock bench along the soutlreast shore of C a m  Point (fig. I l l ) ,  
tuiiaceous mks strike abont Ej. 70°-800 E. and dip 25"-,35" N. and 
are confomable with basaltic rnnssive I n ~ m  and pillow lavaa. (Sea 
description of l ava  of the basrnent rocks, p. '119.) 011 this wnvo- 
cleaned mek bench, off& of tle dimentatcry contacts, and especinlly 
of severnl distinctive thin beds, was easily detected. IJnforf~~nately 
n nniqtle mlution of the total differential movement is prevented by 
the lack of distinctive c m u t t i n g  units such as dikes. 
In the area of figure 11 1 n major stmp h ~ d t  strikes southmestwnrd 

from the northeastern corner nnd loses its identity in the central 
psrt. 'If all the movement were 1-e-erticnl, the eastern block mny have 
rimn about 150 feet,, nr if nll 'tiorizontal, it may have slid some 350 
feet northeastwnrd dong the strike of the fault. These faults on 
Cnsco Point are perhaps pnrt of the; same northertshrly trending 
system that cuts ncrm the bnso of Chirikof Point. 

t Sirnilnr sequences of sedimentary rocks interbedded with petm- 
pphical ly  similnr Invns, which nEso dip ahant 30" N., mur on tlw 
Weston Mountains 52 miles west of Cnsco Point. In the saddle between 
Westan nnd Lookout RIonntnins they are c u t  off on the north by a 
prominent fault 7ane tl*encling enstwnrd dirertly townrd the faultd 
neck at the base of Cnsco Point. Westward this fault zone appears 
to continue p~st ,  Ternnnc Dny, ncrosR Itlie: hendwnters of Kaufmsn 
Cmk, and to the enst shore of Abmmhnrn Bay, where it offsets the 
contact between the Chuni ksak Formation and conglomerates of tho 
bamrnsnt rocks. 
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~'IQURI: l lX.--Oeolople lam of basement r o e b  (Yaaoaolc or 
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Another major f a d t  zone parallels this zone a few miles north, 
extending westward from near Loaf Island, at the head of Masacre 
Bay, rsnd thence through North Pass at the headwaters of Peaceful 
River. There it enters the long east-west reach of Temnac Valley 
nnd trends slightly north of west, probably as several mgmenS, one 
through Twin h k e s  and thence to the head of Abraham Bay, and 
another through Abraham-Temnac Pass and thence down Abraham 
River valley. Although the absolute values of movement have not 
been established, the observed relations between formations cou~ld 
haw originated by a mlative upward movement of the northern 
block. This is also the sense of the very recent movement on this 
zone where it cuta Pleistocene and Holocene deposits. 
The difference in detail ttlld abundance of faults in different parts 

of the a m  shown on plate 80, in part at least, is only apparent, for 
m e  parts were studied in more detail and havs a stratigraphy more 
conducive to recognition of fanlt reIationships than others. Important 
faults and fault zones probably exist, for instance, in the medial 
part of the island, and, indeed, many rmggwive trend lines are 
present in the aerial photographs. TViehor~t adequate stratigraphic 
control, however, one is reluctant to defmitely infer these trend lines 
to be faults, and only those faults seen during the ground reconnais- 
sance or definitely inferable from the aerial photographs are shown 
on the map. 

Faulting is prominent in the northern part of the island between 
~Ioltz Bay and Auburn Cove; and to the west, in the vicinity of 
Steller Cove, the mosaic of fatllt blocks is emphasized in the many 
faulted contacts between the different formations. A major fault 
zone extends southwestwwd from Auburn Cave of Steller Cove to 
Abraham Bay on the south shorn, and its importance is fdrther borne 
out by i t s  topographic continr~ation ofTshore as the huge Abraham 
Sea Valley, one of tlie largest submarine canyans of the Aleutians. 
The tectonic significance of this and other submarine fmtures of the 
nrea was discussed in some detail by Gates and Gibson (1956). 

Still farther \vest., between Earle Cove and Etienne Bay, many for- 
rnat.iion mtacts  are faulted and form a pattern, some of the elements 
of which have il, northeast lineation, and may be interpmted as an 
extension of the presumed fault zone of Etienne Sea Valley (Gatea 
and Gibson, 1956, fig. 12). West of Kmsta. Point the structural faa- 
turw are much genemlized bemuse of scarcity of fidd data. 

The b m d  flat bench that extends along the north shore from Earle 
Cove eastw~rd for a distance of several miles is a recently uplifted 
shore platform, on which am two perfectly ddinerttsd low fault 
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s c ~ r p s  which t m d  slightly south of east and which displace the 
turf mantle upward on the n0rt.h (seaward) side. Them xarps paral- 
lel similar featuw of the submergd shelf offshore and also the 
great scarp bounding the Aleutian Ridge only a few miles north 
(Gates and Gibson, 1956). They demonstrate that some movement on 
this system of faults has been very went ,  no doubt mntinuing to 
the p m n t .  

Age of the fd&g.-The age of the faulting on Attu hns not 
been precissly established, although some of the east-west-trending 
faults are marked by scnrps in the tundra, which indicates that move- 
ment has o d  on them in Holocene time. Other fa~llts displaw 
the Massacre Bay and Fnneto Formations and therefore &re mr- 
tainly not older than late Tertiary- Those t h ~ t  cut the Nwidiskov 
and Chuniksak Formations must be middle Tertiary or younger. The 
faults in the ba~ment rocks, of conm, could mnge in age only from 
late Mesozoic or early Tertiary ( ?) to early PIeistocene. 

A suggestion that much of the faulting wm late Ilfiocene, or at 
lead middle Tertiary, is given by the stlbmarine topoflaply sur- 
rounding the Kear Islands. Gates and Gibson (1956) showed that 
many of the lineaments, which they interpretgd as faults, ham trends 
pmallel to the main trends of the faults on the islands, and some 
appear to lie along the extension of some of the northeast-trending 
faults on Attu. The submarine canyons which form thew submarine 
linaments end abruptly on a slightly warped submarina shelf, as if 
planed off by erosion. Topopghic evidence in turn suggests that 
this ~ h d f  is the platform on which are built many of the volcnnic 
mnea farther east along the Aleutian chain, where Pliocene fossils 
have been found in the rocks asswiated with the beginning of the 
cone-b~~ddmg volcanism. It is possible, therefore, that much of the 
fmlting on Attu is pre-Pliacene and perham was nmiated with 
the uplift which led to fornation of the shelf by erosion. A major 
a p i d e  of uplift mparnted deposition of the Chuniksak Fornation 
from that of the Jlamcre Bay and Faneto Formations, and many 
frtults are found in the Chuniksak Formation. Lf faults on the 
islands wer-B simultaneous with the submarine faults, and if the 
uplift precding formation of the submarine shelf was simultaneous 
with the post-Chuniksak pre-31-cre 'Rny uplift and erosion, then 
much of the faulting on Attu is of rniddIe Tertiary or late Mirwene 
a@. Some of the fauIts in the basement rocks may be asmiat& with 
the uplift precding formation 02 the unoonformity on the bmment 
rmh, however, xnd clettr1y many faults am late Tertiary to Holocena 
in age. 
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AGATTU ISLAND 

STRATIGRAPHY 

The rocks of Agattu are divided into the basement rocks, Krugloi 
Formation, and two types of intrusive rocks (pl. 81). The basement 
rocks consist of pillow lava flows, pyroclastic water-laid breccia, 
water-laid tuff, tuffaceous sandstone and conglomerate, siltstone, mud- 
stone, argillite, and chert. The upper contact is gradational with the 
Krugloi Formation. The known thickness is at  least 4,500 feet. The 
Krugloi Formation consists primarily of conglomerate, sandstone, 
mudstone, siltstone, argillite, and chert. Lava flows and pyroclastic 
deposits are subordinate. The total known thickness is about 7,400 
feet. 

Diabase and gabbro intrude both the basement rocks and the 
ICrugloi Formation. Mineralogically, texturally, and structurally 
they resemble the diabase and gabbro of Attu. Dacite porphyry 
forms long sinuous dikes which radiate from a common center at 
Kngloi  Point, and which cut the basement rocks, the Krugloi For- 
mation, and the diabase intrusives. The dikes are porphyritic and 
contain extremely large phenocrysts of sodic plagioclase (up to 5 
mm in diameter), quartz, biotite, and hornblende. Similar dacite 
(without giant phenocrysts) is found on Shemya, but there are no 
counterparts on Attu. 

BASEMENT ROCKS 

The basement rocks underlie about four-fifths of the island and 
are most completely exposed in the mountain peaks south of Bin- 
nacle Bay, along the coast from the east side of Binnacle Bay to 
Armeria Bay, and along the south coast from Otkriti Bay to Gillon 
Point. On the central plateau the rocks are obscured by a heavy 
growth of turf, except for small scattered outcrops on knobs and in 
gullies. Several lithologic units can be distinguished in the moun- 
tains and along the coastlines, but in the broad plateau area expo- 
sures are insufficient to permit division into lithologic map units. 
Color patterns on the geologic tnap portray areas of distinctive litho- 
logic character, but no contact lines are shown because the location of 
the contacts is not known. 

A composite section from the Binnacle Bay area indicates that 
there the basement rocks are at  least 4,500 feet thick. A section 800 
feet thick is present along the south coast, and a tentative correla- 
tion between outcrops of the Binnacle Bay area and the south coast 
gives a total exposed thickness of about 4,800 feet. As the base of the 
rocks is under water, their total actual thickness is unknown. 
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The contact between the Krugloi and the basement rocks is grada- 
tional through a zone at least 100 feet thick. The division is made, 
even though the contact is not precisely mappable in the field, be- 
cause the Krugloi and the basement rocks differ in bulk characteris- 
tics. The basement rocks consist primarily of submarine lava flows, 
tuffs, and tuffaceous sedimentary rocks; the Krugloi Formation is 
composed primarily of detrital clastic material, only a few lava flows, 
and a relatively small amount of pyroclastic material. 

SEDIMENTARY ROCKS 

The sedimentary rocks in the basement range from coarse cobble 
conglomerate to chert. Most of the coarser rocks have tuffaceous 
matrices, and the fine-grained ones contain significant amounts of 
minute pyroclastic fragments. Parts of the section are predominantly 
coarse-grained conglomerate and coarse sandstone, with lesser 
amounts of fine-grained sedimentary rock. Other parts are composed 
predominantly of medium- to fine-grained sandstone, siltstone, mud- 
stone, and chert, with lesser amounts of coarse-grained sedimentary 
rock. The only large thickness that does not contain a mixture of all 
grain sizes up to pebble or cobble size is the 400 feet of varicolored 
mudstone, siltstone, chert, and argillite overlying the volcanics west 
of Binnacle Bay on the north coast (fig. 112) and west of Otkriti 
Bay on the south coast. 

Individual beds of conglomerate range in thickness from 3 to 50 
feet. I n  some places bedding is crude and poorly defined. I n  other 
places torrential crossbedding, cut-and-fill structure, and lenses of 
coarser or finer clastic material are common. Local erosional uncon- 
formities between conglomerate and underlying finer grained rocks 
are also common. Pebble sizes range from less than an inch to about 
a foot. Some conglomerate beds have fair sorting among the pebbles, 
most of which are between 1 and 3 inches in diameter; others have 
a complete range of sizes. The amount of rounding and the number 
of rounded rock fragments compared with angular ones differ from 
bed to bed. I n  many conglomerates most of the lava and tuff frag- 
ments are angular and most of the sedimentary rock fragments are 
rounded. Basalt lava, tuff, sandstone, and dense fine-grained sedi- 
mentary rock, all typical of the basement rocks, are the principal 
constituent rock fragments. 

The sandstone beds display many of the same structures as the 
conglomerate beds, such as crossbedding, cut-and-fill structure, and 
lensing of coarser and finer beds within a sandstone sequence. Some 
sandstone layers, however, are thin and persistent, and some 
sequences are evenly laminated. Contortion and intricate folds of 
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differenm are present between layera in some mudstone and siltstone 
M s .  Graded bdding ranging from coarse siltstone at the base to 
argillite at the top, within a vertical dishnce of 1 inch, mum. in 
mme layers. Others show a similar gradation in color from dark to 
light, but no apparent change in grain size. 

Tntricate folding, faulting, squeezing, and general con torhion af 
the bands and laminations in the fine-grainsd sedimentary rocks art! 
apparent. In some places the contortion is confined to a single layer, 
perhaps an inch or two thick, the overlying and underlying layers 
being little disturbed. In addition, the h e - p i n e d  mdiment~ry m k  

-of the bassment xoch display abundant mud chips, faint but intri- 
a cate crossbedding within layers, mil slightly scoured contacts. 

Approximately vertical tortuous hales, suggesting worn tubes, were 
wen at some outcrops. 
The fine-grained sedimentary rocks are made up primarily of 

I 

minute fragments of albite, labradorite, pyroxene, and chlorite 
xattemd th~ough a matrix of csyptmrptalline silica, or in some 
rocks calcite. Detrital quartz is very subordinate- in both the coarse- 
and the fine-grained rocks, and biotite and potash feldspar are 
abmnt, 

PYROCtASTICS 

T h e  tuffs and volcanic breccim of the basement racks are mainly 
basaltic. They are olive p e n  to brown and are friable where 
unrdtered. Mild alteration over large areas has changed many ta 
more induratd light-green and gray albitized roeks. ThicIroegs of 
beds rangca from less t.han an inch to as much as 60 feet. The h c -  
grained tuff locally shows lamination similar to that of the siliceous 
argillites and siltstone, m-ith which they are in places interbedded 
(fig. 113). 

Scour and fill occurs commonIy at the base of tuff-breccia sequenms 
or between beds. Many of the coarse brewias mntsin a jumble of 
unsorted rock fragments,  eon^^ lenses of fine ~dirnentnry rockg 
and numerous intrabed faults. The fine-grained M s  genemlly are 
conformable md shorn no evidence of scour. Both types of beds 
commonly show p d e d  bedding, particularly near the top. Larger 
fragments in tuffs and breccias are mostly angular to subangular 
and consist of basalt lava, scoria, and minor amounts of argdlite and 
siltstone. The line-grained constituents of the tnfls and tuff-bmccias 
consist of fragments of devitrified vesicular bnsaItic glass (now 
nontroaitic), fragments of labradorite and augite crystals, and inter- 
stitial zeolites. No granitic, gneissic, or schistow, m k  fragments were 
found. 
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On the nort11 ronst. t t i t f  : ~ n d  t11fY-11r~rria orr.ilr j11 ni:~ssi\-e 1 ~ ~ 1 s  
2-25 fe,et, tllick sel):1r:lted Fly 1 - tn I-l'oat-tl~icbli I~ccls of Iilw-prnitlecl 
l n t i i i ~ ~ ~ t c t l  sil irrn~~s ~i~urlstonp :ii1(1 h i l  t s t o n ~  ( l i~. ll::), :uld nrr, over- 
lain by 400 f ~ e t  of r:~rirv~lrrreti ti t~c-gr:~inrri lnmir\ntccl seclimentnry 
rocks (fig. 112). I3etlding in tlle I nll' is 11nt nnq-t~hare s11:trply defined, 
bnt H. gr:~iintion111 ~ I I : I I I ~ P  i tnil1 rn(l;lrse J~rect'i:~ t ~ t  ~ \ I P  base of :uly one 
lmd tn dense fine-jimined t ~ ~ t l '  nt t l ~ r  top is t~ l l icn l ,  The upper tine- 
pained  tuff ia-t turn gi,nrlcs into f ine-grained well-Lcddecl siltstoile 
: ~ n d  nryillite. .ttmr.e tl~js tllcre i s  :I, s l~n t l ,  cll:tnae to roxrse l lnntcrinl 
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Along the mutl~ coast, t.he tuff and tuff-breccia beds  how a greater 
diversity than on the north const. Some tuff-breccia beds on the sooth 
coast have 10~81 unoonformities, contorted bedding, and ndmixture 
of detrital materinls. At one locality n tuff-breccia containing slabs 
of tuffnceous mndstone and well-bedded siltstone is overlain on a, 

hnmockg irregulnr s~irince by columnar tuff. 

Specimen SOW13 (table 1) la a w c n l  Rne-grained tnlT coIlected from the 
north shore of ihgnttu, 2% mlles n~~s tdouthw~s t  of the head of Binnacle Ray 
(llg. 113). The lower pnrt of the 20-foot-thick Iwd is marcre tuff-breccia that 
gndes upward into fhhple uniformly dnrk-oily-green tnR. Under the microsrope 
the tuff is  Been to be composed of mrttclm of drritrlfed glr~ss and crpsbls up 
to about 0.3 mm dinmpt~r. Thc crg~te l  frnmrnts Rrt! pla~lwlase rellrts (now 

s converted to analcite and otbrr ~wolite~), frmh augite, nnd a little npaqne oxide. 
The cellular '%lassw pnrtlcles nrp now plcnrhrolv dmpbrown-green (probahb 
nontronitic) material. The interstim are flllcd with analcite nnrl minor amounts 
of other zeolites, which compme aboat a third of tbc rock. 

The persistence of fresh augitic pyroxene in these basaltic tuffs 
is in sharp contrast to the common replncernent of the cnlcic plagia- 
clam by nnalcite and the conversion of the bassltic glass to  non- 
tronitic material. The large amount of tanalci te as pseudomorphs and 
PLB interstitial fillings amounts for the relntively high soda contents 
shown by the chemical annllyses (analyses 2 and 3, tablo I ) .  A wide- 
spread variant of these basaltic tuffs is represented by nn albite- 
amphibole mck, especially common on western Apttu, It is described 
in connection with the diahasic intrusions and their effects on tho 
country rocks. 

LAVA3 

Most Inva flows in the lmsement rocks are basaltic and abmt 20 
feet thick, but some nre nn snuch ns 150 feet thick. Many, especiallp 
m the sonth mast, slmw well -cleveloped colnmnar jointing ; others 
~ 1 1 0 ~  well-doveloped pi llows with interstices filled with chert or 
other material sllch as tuff or argillite. A few h ~ v e  distorted nnd 
intricately folded lnlninnted nrgjllite both a b v e  and below, ns if 

? the lam llnd intrtrded soft mt~ds. Pinchout of lava Rows between 
siltstono layers, which no doubt, t.9 of common mmmence, is clearly 
shown at, the soutl~west rmner of Tbmb Cove. 

C Chamhristic of the Isws of the Imsement rocks is thek intimate 
association wit11 sedimentary nnd stratified pyroclastic rock. Most 
flows are thin and sapamtrd from encll other by lenses or persidnt 
beds of fine-grained sedirnenbry rocks or tuff. A typical sequence, 
found on the southeast flank of Peak I), is as follows: 



TAtkmess 
Ileei) 

-1t lava, ammoiaaL ,,,- * - - - - - - - - a L a L - a L a L a L a L - , , , , a L a L  20 
Siltstme and sandstone, dark-gmy and g r e e ~  -,,, , -----, -- ------- - ---- 15 
h a l t  lava, m~gdaloldal  la apper part- ,-,,-,--,,,,,,----+---------- 18 
Ttttr, m u ,  m m i n e d - - - - - - - , _ , - - - - - - - - - - - - 4 - - , - - -  I5 
S a ~ m c  and silLstmee, gray, tan, and grew ,,,-- -,,,,- -,- ,,,-, + ----- - W 
B~sal t lnTa,  amggdalofdal------,--------------------- - -  12 
Sandstone, g r a g - , - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  10 
T u E  and tulT b r a c t a , - - - - - - - - - - - - , , - - - - - - - ~ - - - - , - -  20 

Petrogrraphically the brtsaItic lavas of the basement rocks on 
Agattu resemble closely those of the basement mcks on Attu. (See 
descriptions on specimens 50P85, 50P86, and 50P293, (p. 720.) Here 
ngriin R large part of the: plagiodase of the bmsaltic Iavw is clo~idy 
albite and the pyroxene is fresh-appearing rrugite, nnd the conclusion 
is drawn that the spilitic character of the rocks is secondary rather 
than due to  an especial1 y sodic rnItgma (JTTilmx, 1959). 

Although most of the I R I ~ N  nm h a l t ,  one, at the m t h  edp of the 
plnbitu 1 mile east of Gjllon Point, is kerataphyric. 

Specimen 50W2 (table 1) la c o m m  of many dnstg albite phencmta and 
R few clusters of pleochmlc pellow-bmmn material ( psendomorphs ? ) and opnqu~ 
oxide set in a groundmniw of nhundant mfcrophenocrysts of albite, aomp of 
orthoclase, qnartz, amphibole, o p ~ q n ~  ox id^, and a g-ranophyrir memmtads. 
Sphene (altering to kencoxene) and apatite are minor constltuenh. The 
phenocrgst-alze masses of plmrhralc pllnw-brawn material, havlng high bire- 
fringence, high relief, and rxtinction parallel to m d e  flbrons structure, is per- 
haps a bmvlingite type of altrnrtfon from ortbopyr~xene. The amphibole mlcro- 
phenorrs.sts have an extinction nnglp Z :  c=15' and a plwhroisrn from pale 
gellow to pale grem blue and may bp rlebecltlte. 

T h e  foilowing is n generalized coIurnnar ~ c t i o n  describing the 
basement m k s  in the Binnacle Hay nrea on the north shore. Them 
rtre undonbtedly mnny small faults in t,he sectmion not found during 
the reconnaissance mapping, hilt probnbl y none involve mom than 
200 feet of stratigraphic =paration. 

8&fo?a of i 5 ~ m k m t  rods  m%zr BInnucFc Bay, notih shorn of Amtu 
Appmdmats 

thickness 
!Fop d s e c w  wded. hTa ovwlyina rocks m t ,  ( ~ e e t )  
T u i P a c e 0 ~  mndshne InterWded Wtb siliceons mudstone an8 slltdme-,- 5@0 
!lhT, water-laid, in W s  up ItO 10 ft thick interbedded with thin WR d 

lensca of ailtstvne and rnwisione, m e  of shirh a w  dmly laminatd,,,, 326 
Lapred mud~tone nnd'siltst~ne~ b m  and y~llm., m d i n g  upward into 

conrae brown and green sandstme and tnfiacrrrna s~ndstnne with a fern 
thln beda of ~ilictecma W e d  arRillW ---------,- ,- -----------aL-ededededededed 200 

T W  in hedR 6 in. to 2 2t thick In&tbedded with argilll& la beds I 4  
Pt thtck,,--,,,,--,--------,---,-,-------------,----,,-----,*,,,,, 86 

Awlilite a d  allteto~~e, finely !&tea 20 
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S8clion of b ~ ~ t  r o c b  mar Binnacle Bag, I,& 8 h 0 ~  of Agatlu-Continued 

uses) 
Mudstone, Nbtone, and sanMonefl welI-bdded, thinly bedda; inter- 
bedded with thin persistent ash layem --,,-,,---,,-------4----d--h--- 260 

b m  flows, bagaltlc, 1- to 2-ft-thick, sewrated by lenses of well-laminated, 
aflimus argillite and mndstane ; lava i~ amggdaIo1daI and porphyritic-- 30 

S11Mvne and mawone, silicecra4, with rtufPacer,us mab-ix --,----,--,-,- 215 
Lava flow - - - , - - , - , - , , , , - , - - - + ~ - - - ~ - - - - - - - - - - - - - - -  30 
ArgiUik, siltabm, and mnddme; silicmue ; laminat& ----------11-11-111111 110 
Lava f l r n , - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  10 
$ ~ N R ~ I B  md tuffaceou~ sand-e, inhbdded  ........................ 140 
f3mgImnem'ate and sandstone with tufTamus matrix ; rounded Wleal as 

much as 2 in, in diameter --~----,,+--,-------4-----,,-------- -- IE 
Siltatme, gray, peen, and tan, medium- to thin-bedded, and medium- to 

tblrk-bdded tmEaceous sand&me --,---,------ ,- ----------------- 260 
Chert, green and cream coIored, tveI1-Wded and Ldrnhahd, iriterIayer€d 

Mmt of tats part of mtion covered by turf. Those rwks cropping out an? 
lxffaceou~ breccia, tufpa- conglomerate, coam t u f f a m s  sand- 
stone, .and tuft, all of which tend ta form thick masshe be& Inter- 
Iayered with them are be& of cllert, argillit~, mudstone, si lt~bne,  and 
fine sandstone, all of which tend to be =-ell and thinly hedded. Ratio of 
c o a ~ g r a l n d  rocks tor fine grained 1s about 3 to 1 ,-,,,--,,,----,------ 1,750 

Chert agillite, dlhkine, and mudatm, well Wded in b d n  1-6 In. thick. 
Many W s  fineIy laminated; anme Iaminntionh: conhrtd  md f d d 4  
soggwking mntwoporanme deformn4ion lzntire section &kingly 
mloM in paIe reds, e n s ,  blues, and yeIluwk --+,,,-,--,,-----~------ 400 

TW-=lomerate, bamltic, in massive W s  Y r 2 5  i t  thick. Graded bedm 
from m r m  h h  at haw to fine-graind Inminakd tuff at tm. Beds ars 
mpamtd by 1- to 2-ft Iayers of s i l i m  mudstone and dlkstone,,-,,,- 100 

Totar ,-,,,-,,,,,-,,--- * ----+---+-*--d---+---- - - - - -  4,450 
Base of d a n  at smt l e d .  

Rmomtmtsd, section (greatrgfaaclted) on eovdk show, A&tu 

Ohert, ar$illi,b, siltstone, a few limy bed4; pale red, gr#n, yellm, aad. 
blue; well hdded sad l a m i n a W - - - - - - - - - - - - _ _ , - - - - - - - - - - - - -  4433 

Pmow lava flow, hmlt i c  --,-,------------------------------+-- 40 
Wbstone, flnwhdded amd well-bddled ---,----------------------------- 
Pillow lam flow, Imsaltic : columnar in part 
TW-b&a, blul~h%rwn and dark-gray to black, badtic, mMve, with 

Merbddad siltgtone ; k o b t ~ ~ l ~  20 fi has many lava fragment9 with con- 
apirmow calclte amygduIes --,----,-------------------------- 100 

Bamltic pillow lava flow with dim armyfldes ........................ 40 

Tom --,- ---,,------------------------------- - - - - -  780 
RoUxnn & W o n  ia ma level. 

401-866 0 - 2 1 d  
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KRUGLOI FORMATION 

The Krugloi Formation is here n~rned for its good exposures in 
the mountain peaks from XErugloi Point westward to Peak I. The 
-formation covers the eastern one-fifth of the island from the north 
shore to the m t h  &ore. Tot~tl exposed thickness is abut  7,400 feet; 
the bottom wntact is gradational into the basement rocks, and the 
top contact is covered by the gea. 

The Krugloi Formation resembles the basement rocks in general 
lithology but differs f rorn them sufficiently to be mappd as a sepa- 
rate formation. Although both units contain T-olcanic matsrial, the 
d i d  contribution of volcanism to the Krugloi rocks is represented 
by only one sequence of tuff and lava. There are relatively few 
angular tuff and lava fra,ments in the conglomerate beds, and 
tufacwus material is very subordinate in the matrix of the coarse 
elastic which eonsists primariIy of silica- and carhate-  
cemented clay, silt, and fine sand. The submarine pyroclmtic beds 
and the slumping and contemporaneous deformation characteristic 
of the h e r  grained sedimentary rocks of the basement mks are 
lacking in the Krugloi Formation. The proportion of coarse clastic 
sedimentary rocks to fine-grained sedimentary rocks is greater in the 
Kmgloi Formation than in the basement rocks. Coarse sandstone 
nnd pebble conglomerate constitutes at Ileast two-thirds of the detrital 
sedimentary rocks, and appreciable thicknesws of fine-pined rocks, 
such as the 400-foot-thick sequence in the basement rocks, are absent. 
Many of the fine-grained sandstone beds have a distinctive onionskin 
type of exfoliation. 

On the other hand, the Xhgloi nnd ths basement racks have many 
&arachristics in common. The composition of the rounded cobbles 
and pebbles of both formations is similar, suggesting the same murce 
terrane. Sandstone, he-grained siliceous sedimentary mks, basaltic 
lava, and tuff are the principal rock types. No granitic or schistose 
rocks were fonnd among the mbbles and pebbles, Like the basement 
sedimentary mcks, the Krugloi conglomerate and sandstone hd5 
have much crt~de torrential crossbedding, cut-and-fill structures, Imnl 
rmnconfomities, and lensing of beds. Interlayering of coarse clastics 
and fine-pined sedimentary rwks occurs throughout most of the 
khg lo i  Formation. In general the coarse-grained rocks occur in 
massive or very crudely bedded layers as much ns 15 feet thick. The 
fine-grained rocks generally form well-Mded and lltminated layers 
rarely more than 3 feet thick. 

The single sequence of volcanic rocks in the ICrugloi Formation 
lies %bout 2,400 feet above the hse of the formation. On Cone Peak 
and Peak 31-N, a porpl~yritic basaltic lava flow about 50 feet thiclr 
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is underlain by about 200 feet of massive green tuff and t ~ ~ f l ~ c e o u s  
sandstone. On Rlonolith Point, north of RlcDonald Cove on the eaat 
mast, two flows zre p m n t .  The lower one is a basaltic ~ n d  
porphyritic pillow lava, that resembles the lava on Cone and M-N 
Peaks, Abve this flow is about 70 feet of c o a m  tuff and thin-bedded, 
well-bddd, fine-gmined rocks. Overlying these rmks is n bass,ltic 
pillow flow with large arnygdules. The differences in stratigraphy 
between the two areas not more than a mile apart indicate rapid 
facies changes and local distribution of a particular unit. 

The following very generalized section is based on mapping 
traverses, not on meamwed sections. IJndoubtedly there are many 
inaccuracies resulting from undetected fnults ns well as extrapola- 
tions of dips. 

Generalized scciian 01 Krlrglcrd FomlBota ,  wblaem Apcattu IsEa?td 
d p  tvdmate 

aidcknees 
I fect) 

Siltstme, madstme, and argiIlIte, mlESsedrled, and blui~h-may Ane 
mined mdstone ; 'beddinr generally thin and 1 - e ~  distinct ,,---------- XdI 

Interbedded arglllite, mudstone* dlteone, mnd~tnnc, and pbble m- 
glmwrate; finegrained rocks pdmnlnatc ,---,,----,-------------- 1,400 

Sandstme and W b l e  mn~amerd~.  grew, mm; En !&a as much m 
30 it thick inwrMded ~ 4 t h  thin l a p r s  of sllbtone, ~nudstone, and 
arg'i:lIte; much c m W d l n g  in the mae claatic rocks ,,,,-,,,,,,-,,,, 2,000 

Boulder conglomeraw with buldem na much ns 3 R in dlamster; m r m  
thick-beddd sandstonr and pebble conrlomemte; thin h&a of flm 
grrtlnPd &entars m A s  ; much Imsing of the flne-gmlncd layers----- OM 

Sandstme, mrw, and W l e  conglomerntt! In tblck bcds ; thtnwr M e  
of f lne-mind Wimentarr m k ? s  --------,,---,,-----------I------ 400 

Lava Aow, porphpFltIc ; flhlow~ prcrtent in mme places, columnar stmchve 
n h e  M) 

Torq men, mame, and t u f f r t m a  snndshme En massire be& ,--,,,,,-,-,, 200 
Sandstwe, siltatone, nnd arglll it~, h r m ,  well-Mded ; no vew mre 

clastlc sedimentary n w k s  --,,--------,---------------------- 800 
~andAmne, ~Llltsboe, and arglllitr: blulsb-gmy; entirp m n c e  IWU 

W d d  ; sandston@ pmlmninntes ,,,,,,**---*,--d-*,--,-*--- 1,800 

Total ----,,,-- ,,,,,,,,,,--,,---,,----,--,--,---,,--- * ,,-- -,*,- 7,400 
Gtrtdat lml  contact with "the bf-breccia and tuffaceous sandstme and 

cwglomerate of the bascment rmka. 

The basement m k s  of Agntta were apparently deposited in the 
snlne pnaml volcnriic nnd tectonically active marine environment as 
the bmement racks of Attu. The Krugloi Formation represents a 
grndi~nl chanjp to less Iletempneous conditions, primarily through 
the red~~ction of volcnnjc activity, nn incmse in clnstic material, and 
a dmrease in tecbnjsm and local reliaf. 



Age of ths basement m k 8  and t7te KmyZoi Fomiola.-No fossils 
ware found in either of thm nnits. They are correlated with the 
Mesozoic or Tertittry basement m k s  on Attu salely on the basis of 
similar lithologies in both sedimentary and rolcmic rmh. 

SURFICIAL DEPOSITS 

The turf mantle on disintegrabd rock is widespread at low alti- 
tudes on Agattu. The thin-Mded sedimentmy rocks of the basement 
rwks nnd the ICrugloi FomllCion are singularly vulnerable to frost 
action, and, since glacilktion, an appreciable thickness of "mil" has 
ken  produced in which the grasses and other plants have taken 
root. On steep slopes this mantle of turf tends to creep, as has also 
h noted on Att~i ,  and produces lobas and banks or terraces. Gla- 
cial deposits are rare on Agattu. A conspicuous boulder train extends 
south-southwest several miles from the diabse outcrop on the south- 
east flank of Peak E. Unlike on Attu, aIIuvial fill and fans are not 
common; they are found only near Otkriti Bay, Aga Cove, McDonald 
Cove, and at a few other places. Beach deposits are small and sparse 
and am included with tdluvium on the geologic map. A more detailed 
description and discussion of these features is given in the wtion 
on surficid geology by J. P. Schafer. 

INTRUSIVE ROCKS 

The dia'basic mks, which include diabase, quartz diabase, pbbra, 
and quartz gabbm, nre mineralogically and texturally similar to 
those of Attn (p. 744). They occur in all parts of the islmd but are 
prarticularly abund~nt west of a line between Patricia Bight and 
Tinrab Cove, Nost of the diabasic intrusives form l a p  lenses or 
aill-like bodies, in some places par~llel to the bedding of the enclosed 
sediments but more commonly cutting across the bedding nt low 
nngles ranging up to Iflo. 

The tabulnr lens under the peaks south of Binnacle Bay, which 
can h traced on the map (pl. 81), Rppeam to be typical. From its 
southern end, where it p i n c h  out between sedimert~wy basement 
rocks, it gradually thickens northward to n maximum of &out 500 
feet under Peak F,, thence i t  gradually thins to aboat 100 feet under 
Penk 17, hgond which it is cut off by erosion. The general dip of 
the lens conforms approximately to the regional dip of the enclosing 
sedimentary rwks. Exposnres of the contncts are poor except on 
bhe north nose of Peak F, where both top end bottom contacts are 
clearly parallel to the bedding of the bament rocks. 
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Excellent exposures of the M o m  contact of another disbase body 
in sedimentav mks were found at triangulation station RI'ICE on 
the south mast, 21/cl miles west of Cape Sabak. High in the cliff, the 
bottom cantact makes an mgle of about 2" with the southward- 
dipping bedding, md da~mdip at  sea level the same contact makes 
an nnda of about 10" with the h d d i i .  A A i l a r  steepening of the 
dip of a gabbm lens so that i t  cuts across bedding at an angle t,h.nt. 
inceases downdip is well exposed ~t the northwest comer of Otkriti 
Day on the south cmst. 

Some of the lensing knbdar htnzsi\-.e Wies ha-re knobby, irremz- 
lttr apper ~urfnms, remnants of which can t>e seen where erosion has 
stripped away the owrlying sedimentary rocks. In the hobby wren 
from Patricia Point so~~th~~nrc f ,  pbbro is exposed on the knobs and 
plunges under remnants of sedimentary m k s  e x p d  in the depres- 
sions. These feat~ires are J s o  exhibited on the intnrsiw near Krugloi 
Point and on the one nt the weskrn end of the island. 

Srnall irregular intrusive masses of diabasic rocks cut a c m  the 
regional dip of the sedimentary rocks at ssteep nngles, and there nre 
mnny sinuous dikes ranging in width from thin stringers only a few 
f e t  wide to vertical tabular bodies as much ns 1 mile long and 100 
feat wide. 

Specimen 50l269 (table I ) ,  from n 30-foot-wfde dlke in the ~ h o m  platform 
three-fourths mlIe north of the hiad of Binnaclo Eny on the north Rhore of 
Agathr, is a quart% dinbase with suhophltic texture and grafn size up tn alrollt 
I mm diameter. It is cornposd of about 80 percent plngimln~le. 13 percent au- 
dte,  12 percent mtigoritP, 6 wrcent qunrtz, 4 pemvnt npnque oxide, 4 percent 
chlorite, and 2 percent cnrbonnte, apatite, nntl other nmssorfes* The pla~lo- 
claae i s  zone3 normally from labradnrlte In the broad central RretiR to andmine 
and ollgoclaae at the rims. Central park carry aericite, chlorite, and dti~ty pnr- 
tlcles; the outer parts are genernlly clear. The auglte ha8 (+)2V=4A'49e rind 
nP=l.691-1.693, implying a composition near CndgipFe~.  Pigmnlte was looked 
for but not foand. The green plmhrofu nntigorite 1s in pnrl nn altrrntion prod- 
nct of pyroxene, perhaps both from the nugite nnd from orthopyroxene (or 
pfgeonite) now completely converted. The opaque oxide commonly occurs na 
ekeletal crystals up ta one-half millimetPr In dinmeter. Qanrtz in moderately 
large gtaina is Interstitial. Long n P e d l ~ ~  of apalitp nre common In t h ~  quartz. 

The Iarger diabase and gabbro masses nre heterogeneous texturally 
and mineralogically. A common variation within the coarser gnrtrj 
of the large intrusive at the weshrn end of Agattu j a  a concentration 
of pyroxene and opaque oxide in clots apncerl about I centimeter 
apart. Locally these clots form n~dely pnrallel tenticules spaced rts 
mnch as 3 crn apart,. In other plnces the fermmagnesian minerals are 
conmntrnted in parallel brands 3-10 ern npwt and nt right angles to 
the columnar jointing. Streak, pods, md irregular dikes of pegma- 
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tite am common, ~ n d  many of the pbbm bodies are cut by dikes of 
diahase or basalt with conspicuous cllilled selvages. 

Alteration of country m k  nenr contacts with dirtbase is common 
but differs widely in intensity. Along the contact on the north nose 
of Peak F, the adjacent siltstone and argilIite show only slight 
bleaching and silicification. nnsaltic tuffs seem to have been partial- 
EnrIy mlnemble to  rtlterntion, nnd the zones of altewtion extend 
many feet from the dinbnse contuct. On the north coast of AgtLttn, 
about 2% miles trest of the hend of Dinnncle Bny, a 30-foot-wide 
diabnse dike cuts the tuff-breccin described previouslg in the dis- 
cussion of ~maltered pyroclastics (fig. 11.7, and specimen 50W13). 

Spedmen 50P24-4 (table 1) Is Prom the margln oi the d i a b m  dLBe. Under the 
microscope it is seen to have ophitic texture and Ita contain about 60 percent 
~ l , l a ~ b c l n ~ e ,  20 percent augite, 5 percent mngn~titr,  and about 5 percent ~ach of 
cbloritc, biotite, and quartz interstltfal to the other rnnstitaenta. The central 
pnrte of the plagiocIase are albite crowded with werIc1te nnd dusty in~lnaians; 
tha r l in~  nm clear oligoclasenlblt~. The augItp is  fresh rind clear wit11 
.(+)2V=45*47' nnd n?i=1.697, implying a commition CnuIlfiFerc. There are 
no dgns of nlteration of the pyroxene to amphibole, blotite, or chlorite a# wen 
la some other dlabases of the wgion. 

Specimen SOP245 (table 1) Is tuffaceom breccia collected about 75 feet S m  
the dike of s w i m e n  WE244 and berond the aone of alterntlon next to the dlke. 
I t  la coarser than the tuff of the same series described abnve (~pedrnen EiO'FT13) 
and contalm n im brsa1tIc fragment3 up to eweral inrhesl In dlnrneter. The 
sock ia composed cblefg of frnpments t ~ s s  than 3 mm In dlamctcr. In thin 
wltion e few particles of holwrystaltIne basalt are seen; most of tbe qwcl- 
men, however, coneistu of a mlxture of particles of vesicular olive-prwn 
devitrided gI8m rip to 2 rnnl dinrn~t~r,  fresh clinopymxene np to 0.5 mm dlarn- 
eter and with (+)2V=4Rm, nnil nnnlrlte pwndomorphs after plagiwlarre tip to 
0.5 rnm diameter. As in ~ ~ c l m e n  FflWl3, the deritrificatlon product of the plafls 
nppenrs to be nontrnnitic, nnrl t h ~  r ~ s l r l p ~  and interstices are dllPrf with analcite 
nnd nnother mollt~, prbalrlj nntrolitt., 

Specimen 50P250 (tnblr 1) 1s tiiE-hrprcIn rollwted 8 inches from the contact 
with thr dike of s p e c h a  50P244, mhlch ~lml lnrly  nffectr the tuff for distnnws 
of 20 feet outward. In hnnd ~ p c l m e n  the mrk ts II dull gray rather than the 
dark oily green brown of the normal m b ,  nnd the holcmystalline l~aaaltic 
trngments tend to stand out more k ~ u s e  of their darker color. Unrler the mi- 
vroscnpe tlm mmr el lnlns rtnd taffnmrrs textnm ns that of 50Mdi Is WII, 

but here the ~morls  of the tnfP~ shnrds nre ~mphnslwd ltg ntreaky segregatlon~ 
of tlnp opaque oxide particles. The shard@ hare heen transformed chipfly to a 
mat comp~wd of pale pteochrolc mePn nrnyhilmle, X: c about 2Qm, ns rods m&Lv 
lma tbmn 0.03 mm twg. and miner nmonntR of alS,lt~ and a plpochroir yellom- 
m n  met~rlnl  with ywlmllel ~xtinctlan (ant i~orlte?) .  The urigin~1 l a m  erylstala 
of clinopyroxrme have nltered to nmphihole wlth optic n i ~ ~ l e  { - )  2T=7Zm. 
extinction angle Z: c aboat XI', and pleochroiam as follows: S = olive green, 
Y = pale yellow, and X = pale olive green. The arlfiinrtl plaRIoclase crystals are 
now pure alhlte of slightly dusty aspect. 

The p t r o p p h i c  d~nrncteristim of these rocks suggest tllnt intru- 
sion of the dinbnse dike filtered the original clinopyroxene of the 
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tuffs to amphibole, the annlcite nnd any labradorite relicts to albite, 
and the nontronite io n mixture of amphibole, opaque oxide 
(magnetite l ) , nntigori te ( E , nnd nlbite: Possibly the mild alteration 
of the original basnltic plnss to rlontronite find of tlm original plagio- 
clase to andcite, toptlrer with andcite impregnation, mns a more 
distant effect of tlie intrusion. 

Age.-Tlie diabnsic rocks of Apttu  are younger than the basement 
mks nnd the ICn~gloi Formation nnd older than the dacite porphyry. 
Recause the?; represent the game m n p a  t y p  and m d e  of intrusion 
ns the diabnsic m k s  on Attt~, they are considered to h primarily 
of middle Tertinry np.  

DACllX PORPIIYRY 

D~cite porphyry cuts b t l l  the bnsernent rocks and the Krrldoi 
Formation nnd set-ern1 of the diabtlse ~ n d  pbbm bodies in the 
eastern third of the idnnd. It contains striking pl~enocrysts of quartz, 
pl~gimlnse, biotite, and llornblende, some as much ns an inch long, 
in R liglit-gray fine-pined matrix. From ontcrop to outcrop the 
rock vnries considernbl y in its reIntive proportion of phenocrysts, 
e s p i ~ I l y  qunrtz. On the map (pl. 81) the dikes of dncite porphyry 
A ~ O W  n cn~de  p ~ t k r n  rndial to a complex of similar dikes on Kruploi 
Point (shown on mnp na a single mnss). The dikes are long rind 
sinuous, nnd soma n1.e t m n b l e  to  points north of Cape S~hak, 8 
miles from tho ICrugloi Point, center. This system of dikes most 
p~nbnbly represents the feeder system of n former dncitic x*olcano 
centering new Krugloi Point. 

Specimen 50D4 (table 1) IR a ilacib porphyry aike from McDonald COvq enstem 
A ~ a t t u .  Pl~cnoerysta are stubby oligoclnw up to 5 mm in dinmeter, rnuntlwl 
quarts up to 3 rnm in diameter, prisms nf nmphihole up te 2 mrn l n n ~ ,  ru~lnrleal 
nnrl spllt sheavm uf dnrk mien up to I rnm long, and mtcntteml prlwns of apatite 
nnd rnrc sphene up to 0.2 mrn in aizr. These nre apt in a arnundmaafi contnining 
abundnnt rnEcrophmocry~ts of oligoclase and amphihoIe, snmc of qunrtz, nntl 
arnttered tiny opaque oxide crystal8 In a fine g'ranophyrlc mntrix mhirh, j u t l ~  
Sng from the marked negntlve relief, may carw tridgmite AR me11 as orthoclaRP. 
The outer parts, of the oligwlaw phenocrgsts are cut hy a meshwork of nlblte 
reinlets which elso contain n little tridymite. Most of the mfcropbenocry@ta nre 
Intdcatelg reind by nll~ite. The amphibole prisms art? euhedrnl nnA fresh, 
ahnwlng Z : c about 1R' and plmbrolsm na iollowa : S = pnlt! frllrnv grePn. 
1' = dusky g w n ,  Z = deep gwen. The dark mica R ~ O ~ V A  rellom to I,romri 
11IPnrhroism, and the flakex nre somewhat deformed; in many the cleavage la 
own, and r wry low index material r~sembling ts idymit~ in present betwwn 
thc dearagc plates, GIobnles of sphere nre scattered along the clenvages. 

STRUCTURE 

The str~~cltnre of 1lgatt.u is portrayed on the geologic mnp and 
cross sections (PI. 81) and on thr? struct~~re map (1~1. 82). The crm 



Wiom give a qualitative picture of the stmchm. The structure 
map ig based on aerial photopphs mpplemented by the geologic 
map. 
The regional structure of Apttu i s  relatively simple. The regional 

dips, averaging 5" to a b u t  20°, are eastward on the eastern part of 
the island, pndnally swing to the southwrst and south in the centml 
part of the idnnd west of R ~ m b  Cow, swing to t he  southwest in 
the area between Armeria Bay on the north coast and triangulation 
station ABLE on the muth mast, and finally swing So the muth 
again in the westernmost part of the island. Essentially the regional 
structure is a broad ~ntictine plunging to the mutheast between 
Kmgloi Point and triangnlntian stntion ABLE coupled with part 
of a syncline plunging to tho aouth or southwest from triangulation 
station ABLE west to Gillon Point. 

The bedding trace lines on the structure map (pl. 88) show that 
there are numerous open minor folds within this broad regional 
fold. It h l d  be noted thnt mnny details of form of the Mding 
t r m  lines are simply eflecta of topography on the outcrop pattarn 
of uniformly dipping beds. In a few plnces, small-scale drag folds 
along faults were noted in the field, bus such folds are not BS ppreva- 
lent ns might be expected in such rr. highly faulted area. The notable 
steepning of the dip along the east coast between Krugloi Point 
and Cape Sabak SUE- that n major structural feature may Lie 
off shore. 
This open regionrrl fold is broken into many blmks by a network 

of mmy fmures ,  some of which hove appreciable displacements 
and others very little. The f m t u m ,  mast of which strike between 
north and east-northellst (fign 114), mske very marked topographic 
trmghs dong which many of the other fractures terminnte or are 
offset. A sr~bondinate set of fr~ctures strikes between northwest m d  
north-northwest. 
The amount nnd direction of nctunl di~plncement on the faults 

were not generally determinnbla in tlle field, Verticnl stratigraphic 
separation ranges fmm n few feet ta at  Innst 3,000 feet, and com- 
paratively ]large apparent displac~ments were noted on a few faults. 
The fnult trending sor~th-southwest from Binnncla Bny has about 
800 feet of vertical stratigraphic separation; the f ~ ~ t l t a  extending 
east-northeast from triangulation station WILD, at least 1,000 feet ; 
t'he one between Aga and Kamb Coves, at lea& 3,000 feet; and tE1c one 
from RIcDonald Cove northenst to the north comt about 2 miles 
west of Krugloi Point, about 1,000 feet. The net effect of this major 
faulting was to raise the rocks in the southeastern part of the island 
east of Karab Cove about 5,000 feet relative to the position they 
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Frampl 112.-Roae dl- or frartore trends on Agfirmttn. Part abwe 
east-wpst lfnc rgresentn Prequcncy of fractutes ralthfn each 6 .  
s m o r ;  mrt hloa reprwcnts totnl length of irartnrca. 

wodd have had without fwzlting, as determined by extrapolating 
the regional dip to the southeast. Most of the displacement appar- 
ently occnrs nlsng the ICnrab Cove-Agn Cove fault. The long 
throughgoing fault west-mu tllwest from XcDonald Cove displaces 
the @bbm lens under Penk E only abo~rt 100 feet vctically. 

Typicnl of Agnttu fnz~l ts  i s  the network dong the south const from 
Otkriti Dny west to triangulrttion stntion AHLE. The cliffs along 
the const clisplay evidence of mrrch Mack faulting, with vertical 
stratigmphic displnceanents rnnfiing from 50 to 500 feet, that ccrertted 
a succes~ion of small h o d s  and gmbens in which the net vertical 
dispIacement is only nbout 3(H1 feet, up on the east. 
In addition to mapped single fnlllts, the sen-level mck benches 

along the shorelines of  Agnttu show innumerable zonm of shearing, 
bmxia, and jp11ge which crisscross ench other without any regular 
pattern of displamment and which cannot be traced awny from 
the Gench or  connected wit11 fracture zones seen on the aerial photo- 



gmphs, Many such zones were also noted in the northern mountainous 
area. 

The pattern of the faults on Amttu, ns shown on the structure 
map (pl. 88), and the horizontal or gently inclined slickensides corn- 
monly seen on fault surfaces throughout the island suggest t h ~ t  many 
faults are strike-slip faults with assminted gas11 or slienr frrtct~lres. 
The only places where the nrnol~lmt of the l~arizantal component of 
movement has hen edimatd, however, are along t h m  f ~ u l t s  whicll 
offsat vertical dikw. For example, the four faults northwest of C ~ p e  
Sabak apparent1 y have a combined horizont a1 shear movement nS 
as much as 1,000 feet, the Cape Snbak side moving northeRstwnrd. 

The fault planes have a wide vnriet,y of d~aracteristics, none of 
which seem to fit any orderly pattern OT sequence. %me faults are 
r.epmnted by clan sliarp breaks ; otllers by gmlp and breccia 9~nw 
as much as U) feet wide. Some 7 ~ n e s  are free of minemli~ation; 
others tlre choked by siliceous vein rnateri J, carbonate, or zeolite. 

Age of tlie faulting.-Tile relntions of the faults to the diabnse 
and dacite jntrusive mh suggest at  l e~s t  t h m  episodeg of fault,ing: 
prediabase, postdiabase-predncite, and postdacite. Two ftlnlt mnes 
suggest predi~base ~ p :  n fa~trrlt gw~~ge and breccia wne  15 fwt wide 
on Peak G, which is cut by n gptbbm lens, and R fnnlt that extends 
narthw~rd from a point on the ~011th coast about n miIe enst of 
triangulntian station IBEX. This fault where seen dong the coast- 
line consists of a narrow p ~ t g e  and breccia zone with many small 
fnnlts. Its extension, which is clenrly evident on the werinl photo- 
graphs, is cut by two gabbro dikes without offset of the dikes nt 
the f n d t  tmce. On the ~ t n ~ c t u r e  map several other fractures appear 
to stop at the borders of n e b b m  intrusire. 

Only one fa~rlt, gives condasi~*e evidence of postdirrbase-predacite 
age. This is the fnult extending northenst from Jlcnonald Cove and 
pmviously noted 11s harinp almnt. 1,000 feet of rertical stratigraphic 
separation. This fnult offsets the Kn~gl.loi Point gabbro body but not 
tile two dncitc dikes thnt cut the fnnl t. Postdncite faulting is evident 
in the Rrugloi Point, nreu where sel-ern1 faults offset dncite dikes. 
A dacite dike is nlso offset by n fnnlt striking west-soutllwest from 

p i n t  on tl~a emt eonst n h u t  2 miles north of Cape Sabnk. Tlle 
pen t  majority of the fnnlts ent dinbnsic intn~sions and thus are 
youner than the dinl~nrn; but ns they lack intersections with dncita 
dikes, it 39 not known n+l~ether they are nlm yotmpr than tlie dncitn. 
I t  is assumed that many of the f a ~ ~ l t s  on Aguttu, except perhaps the 
ones clearly prediabnse or postdncite, are of middle Tertiary age 
21nd represent the snma middle Tertiary defomntion post~~l~ted  
for Am. 
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SHEMYA ISLAND 

STRATIGRAPHY 

The basement m k s  (fig. 115) are a series of argillitic, tuffmeous, 
and conglomerstic rocks in the western half of the island. These 
rocks may be middle Tertinrg in nge and rauglllgr equivalent to the 
Chuniksak Formation of Attu. Probably younger is a layered 
swquence of bedded pyroclastic rocks found chiefly in the north- 
eastern part of the island. These pymclastic rocks dip gently 
northwestward and are cut by basalt pipes which may be feeders 
for some of the pyrmlastics. Youn,y& of t,he bedrock units are the 
feldspar and hornblende porphyry intrnsives that crop out nlong 

4 

the northeast and southexst, shorn and lmzlly inland. 
The whole bedrock sequence of Shemya was planed off, presurnnbly 

by marine erosion, in late Tertiary or early Quaternary time, then 
* uplifted and tilted slightly to the soutll. OnIy relatively thin layers 

of subsequently deposited unconsolidated inaterids lie cm this plat- 
form. T h w  surficial deposits, tog~ther with their implicntjons as 
ta recent history of the island, xrn discussed more fully by J. P. 
Schafer in the section "Surficinl Geology of the New Islands." 

BASEMENT ROCKS 

The basement rocks, which RIW exhnsively exposed smttnd the 
shores of the w ~ s t e m  half of the islnnd, consist mainly of fine-banded 
argillites, limy argillites, siltstone, graywackes, and conglomerates 
thtit dip north to no~%hw&. Silicified and p~ritized lava overlain 
by bedded cherty sediments and gmywackes that dip a b u t  50" N. 
occurs at the hend of Alcan Harbor. A yiarter of it mile farther 
north dong the shore plntform are o~itcrops of graywacke and pebble 
mnglomert~te, that here dip 30" to 60" NW. Intense shatter zones 
c~ttting n e m  the plntform imply f nul ting, but displacement is 
~xnknown. 

Bedded t~iffrtceotls sedimentary rocks crop out nt the western tip 
of the islnnd nnd along the south mast. At the westemmost point, 
fine-bedded nrgillitic racks that strike N. 55" E. and dip 65" N. 
overlie conglomerate and coarse tuff. The conglomemt~ xnd h ~ ~ f i ,  
mhich are exposed for about 100 feet along the shore to the south- 

1 

east, in turn overlie laminated argillitic and tuffaceous rocks con- 
taining lime nodules dongated parallel to the bdding. A contact of 
nrgillite with a still older conglomerate strikes N. 60" E. nnd dips 
30" NW. Locally the rocks nre faulted and folded. 

Age of the 6aaement ,~oeka.-Thin-bedded tuffamus sediments 
crop out with conglomemte along the shore near Skoot Cove, and 
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a lime nodule from this series furnished the following diatoms, as 
reported by R. E. hhrnan of the U.S. Geologicnl Survey (written 
comun., Feb. 14,1951) : 

AofLoeg(e1tm 6p. lndet 
A c t i n o p l y c h ~  rmarlir8 Ebrenberg 
Coacimdkcua et. C. mdintua Ghrenberg 
Coscinodicrcus d. 0. ocrt#ua-iridis Ehrenberg 
Etrdictya robuata (Urcvllle) Rnnna and Grant 

All these s e e s  are rnarIne nnd have geologic ranges from Miocene to Holmne. 
En6ictys rnnxale reached its heyday in late Miocene, and became it in aIaa 
the moat abundant diatom In this sample, nn age of late Blimne can be tcntn- 
H~ely  assigned ta thie sample on this menger evidence. 

Farther emt along ths shore are more conglomerates md tuff- 
braxias that also dip northwnrd and nortE~westward. These and the 
anm previously mentioned cont~tin nbundant cobbles and fmgments 
of hornblende-bearing Inras like those in the Ilfwsacre Bny and 
Faneto conglomerates of Attu. 

ANDESITlC AND BASALTIC TUFF AND TUFF-BRECCIA 

A qusnce of bedded andesitic and basaltic tuff find tuff-bmia 
in the northeastern part of Shemya Island is especialIy we11 exposed 
in the sl~ore platform north of t h ~  hospital area. The q i e n c e  is in 
fault mntrtct with the bnsement rocks on the north shore, hut because 
of its lack of folding and ~lterntien it is regarded as distinctly 
younger than the basement rocks, possibly late Tertiary or early 
Quaternary. 
The tuff and tuff-breccia nm chamderisticdly buff to brown to 

gray and mcur in persistent beds a few inches to several feet thick 
which dip at angles of lass thnn 20* NW. Hornblende-bearing f m ~ -  
merits we common, and abundant phenocrysh of both hornblende, 
and pyroxene are found in some of the h m i a s .  Some beds nm 
light-gmy feldspathic sandstones. 

HORNBLENDE "PORPHYRY 

Hornblends dncite porphyry wcl~rs in two rims in the cent>ml 
part of t h e  island. A hornblende-poor dncite prphyry occnpias the 
eastern end of tho island and is exposed also in II small quarry in 
the north-centml part and on the north a&. 

Speeirnen 49By50 (table 1 ) is an htermdiate rock tm between the hornblende- 
rich and hornblende-poor dacjtes from an outcrop about 1% miles from the 
eaat end of thr! Idmd and one-half mile from the sonth coast,. It ia a light- 
gray rock carrying numerous coospicnons black hornblende phenscryats and 
white glagtoclase phenvcrysb. Under the microscope the abundant bornblendp 
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pheniwry&~f are wen to be somewhat f r a y ~ d  pleochroic green crystals, most 
of which are less than 1 mm long bat a few of which are a8 much as 3 mm 
long. Concen trlc oscillatory zoning L revealed by allgbt difPerence~ in intensItg 
of the green color and in extinction angIe (X: c=lT to 15'). Optic angle8 
measured in the universal &age ranged from (-) 70' to 76'. A few crystals of 
opaque oxide up to 0.1 mm in dlameta are enclmed in some hornblende pheno- 
trysts and distrfbuted spaFfieIy through the groundmass. The fray& edges of 
the hornblende phenocrysta are compw4ed of a mesh of rods of clinomoxene up 
t o  0.05 mm long and opaque oxide crystals up to 0.01 mrn in diameter. Stubby 
glagIoclase ghenocryats up t o  1 mm in diameter also are abundant. Extinction 
angles X' : 010 of SOo t o  3 5 O  indicate anorthite contents of A h  to A n ,  accord- 
ing to curves for "high-temperature" plaglocllase (TrEiger, 1952, g. 113). The 
glagioclase phenocry~ttrs show slight but distinct osciUatory zoning and, com- 
monly, a sharp decrease of anorthite content at the extreme edge. The grouna- 
mass i 8  comgosed of abundant small crystals of plagloc1ase (zoned oligoclaae- 
andesine), many needles of clhopyroxene, and many gralns of opaque oxide in 
a mesostasla of quartz ( 7 )  and a llttle orthwlam The marginal conversion of 
hornblende phenocrysb to clinopyroxenmpaque oxide mmh is reminiwent of 
the owqne rims developed an the hornblende phenocrysts of some of the alas- 
sacre Bay lavals of Attu, which similarly carry pyroxene in the groundmass 
rather than hornblende. 

BASALT PORPHYRY 

The tuff and tuff-breccia are cut by it basaltic pipe that is 
excellently exposed in a roadcut in the shore slope near the middle 
of the north shore, and by another one new the eastern end of the 
island. The first pipe is prob~bly about 500 feet in diameter, and 
the second may be only half as large. Both am composed of black 
fine-grained basdtic rocks with excellent columnrtr jointing perpen- 
dicular to the contacts with the sl~rrounding tuff awous mks .  

STRUCTURE 

The basement bedded rocks in the western part of the island 
appear t.a have a consistent northerly or northwesterly dip m n ~ n g  
from 25" to 65'. No fold axes were mnp~ed. The bedded tuff dips 
more gently but still mostly nortl~westwarrd. One of the few reverse 
dips notsd was 10" SE. on the north shore a b u t  in the middle af 
t,he shore-platform expost~re of the bedded tuff. 

The jointing in the basement rocks is intense, nnd in some places 
the rock is so frnctnred that during quarrying it breaks easily inta 
fragments smnll enough for direct use fins r o d  metal. Undoubtedly 
many fauIts besides t h m  shown on the geologic map (pl. 80) are 
present in the bxsement rocks. Joints are not ns closely spaced in the 
rmla of the bedded tuff as in the basement mch. 
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SURFICIAL GEQLOGY OF THE NEAR ISLANDS 

Little information has been published on the surficinl palogy of 
the Pu'errr Islands. Cnpps (1934) recognized that Attt~ had been 
heavily glaciated. Sharp (10M) described Apttu briefly nnd noted 
the evidence of former Ilenvy glaciation, the abundance of t.nrf- 
bnnked terraces, and the strong influence of rock stmctzrre on tlie 
t o p p p h y  of the island. Coats (1!)56) made observations on Attts 
n nd the Semichi Islands. 

'me present report describes the renults of 5 weeks' fieldwork by 
the writer in 1950, principally in the middle part of Agnttu from 
Amerin Ray nnd Patricia night; soutll to Otkriti Bay, on Attu 
near Tl'est Steller Valley, Etinllle nap, and > I m a m  Bay, and on 
Shemyn. This fieldwork was sllpplernenterl by the stndy of aelminl 
photagrnphs nnd by information o b b i n d  frorn other geologists who 
had been members of the field parlies in 1949 nnd 1050. Espci~llg 
importmt contribntinns to the discussion of sl~om features wem 
made by Howard A. Powers and Olcott Gates. Alnid nnd Nizki 
Islands were not visited. 

Of the three principal t e m i n  types in the western Aleutians 
dkdinguislred by Coats (1956, p. 86-88), two are rnplresented in the 
Tear Islands. The first type includes low-lying flat islnnds interpreted 
ns raised u-nvo-cnt plntforms and is represented in the Nenr Isl~nds 
by Shemya nnd Nizki (Onbeloi). The second type includes ~no~m- 
hinous isI~nds of subnerinl ermionnl origin, such tls AStn. A mmbi- 
nation of these two termill types is sharrn by Apttu nnd Alnid. 

me fresbess of the g ~ n c i n ~  fentz~m of the kesr ~s~mnds shows 
that them was extensire glneintion during late Quaternary time, 
presumnbly during the Tl'isronsinnn Stap.  This stago is the most 
lisefill time datum to wbicl~ to refer gwrnorphic event.8. Events 
cnlled pre-'ll.'isconsinnn may it1 pnrt be enrly Wisconsinnn or el-en 
pre-Pleistocene, but mast of tllern nre probably of pre-lTrisconsinnn 
R F ~ .  Those called post-'l17isconsinnn occurred In tm than the uncover- 
ing of the islands by &rent of the Tlrisconsinnn glaciers. 

The present lnnd surface of Attn cnts f le  Inte Tertinrp or enrly 
Pleistocene 3lnssacre Rxy and Fnneto Formntions, described in the 
prevjnus sections. Therefore, the del-elopment of the present l~nd-  
scnpe prollably began after deposition of these formations. The 
~Iwsncm Hny Formntion includes I-olcnnic roch deposited under 
snbnerinl conditions, and pre-Wjsconsinnn mnrine terraces were cut 
on these rocks during an intern1 of submergence between the 



depdtion of the racks nnd the ernerpnce of the terraces to their 
present heights above sea level. 
The principal featuras of the Kenr Islands nre pre-t77isconsinm. 

These older peaks, ridges, valleys, nnd mnrine t emes  were stro~rgly 
modified by gltlcintion, then nltewd in local detail by post- 
Wisconsinan procesm. The positions of many valleys were influenced 
by mck structures, especially on the Apttn plateau where most of 
the valleys, large and smnll, lie along fa~zlt or joint lines or are 
parallel to the strike of stratification. The subparallel trends of the 
main valleys on Attu nlso give evidenm of fswture control. West 
of z line between Steller Cove and Abm~ham Bay there is a promi- 
nent northeast trend, nnd east of this line the muin valleys trend 
east and east-southeast. A low fanlt scarp that extends along the 
west branch of West Steller Valley for mom thnn 1% miles is 
most likely the regldt of post-Wiseonsinan movement dong a fault 
that had determined the mume of the valley in pre-Wisconsinan 
time. The general ouklines of Attu and Agattu appear to be mFttted 
to bedrock stpuct11ml features, and many shoreline -pen@ nre 
parallel to conspicuous fract~ire lines inland. 

PRE-WISCONSINAN MARINE EROSION 

T s r r ~ m  and plateaus, common on the islands, are mainly marine 
platforms that were cut ras the islands undement intermittent smer- 
p c e  during pre-TVisconsin~n time. The changes in, sea level may 
h n ~ e  k e n  partly of ~ I R c ~ R I  eustat.ic origin. Some terraes and pla- 
teaus were glaciated when Tisconsinm ice covered the islands, as 
is ,shorn hy g1acinl strintions, till depjks ,  and landmnpe forms. 
The higher surfnces nre less sell  preserrecl and are presumably older 
t , h ~ n  the lower ones, 

ATTW ISLAND 

On Attu the pre-Wjsconsinnn rnnrine terraces tare senward-facing 
sl~elves less than n mile wide. They nre better preserved on the 
i m g u l ~ r  sonth nnd northenst consts thnn on the relat,ively straight 
north coast. 
On the nortllmst side. of llikhail Point, marine emion has cut a 

section through two south-fncing terrnces (fig. 1116). The altitude of 
the upper te&ee is 850460. feet, nnd thnt of the lower terrace is 
100-200 feet. The rock platform of the upper terrace and the 
ROO-foot-high former sen cliff behind the terrace nre cawired by 
surficiaI deposits. The altitude a€ the shnrp angle between platform 
snd cliff, almnt 350 feet, is the most ncenr~te indication of the amo~mt 
of emergence of the; terwcs. The rock platform is nearly horizontal 
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in the section7 wlii~11 is 1iear1y pnrallel to the nnrient shoreline in 
front of which the plntfol-n~ \\-:IS rnt. The l n t v ~ r  t,errnco, mlrich shows 
similnr relntionsl~iln, 1111s ~nlergwl nI)ol~t 175 feet. The  surficfn'l 
deposits on tllesr terrarrs were not ntlrdi~rl in ficld. h t  the west 
snlient of n similnr terrnra at Pl~uniksnlr I'oint, the modem1 spa cliff 
pxposes n ro~,rlsidernl~l~. t l l ivk~l~ss of s11rfiri~11 ( l e p ~ s i t ~ ,  ~ ~ e r l y i n f i  n 
smoot.l~ly plnnerl, sloping roalc plntfncm. 

The to~logrnl~h ic mnps R ? I ~ J V  ~ot l l l ) t l~ l ) lr  ~ P P ~ ~ C P S  nt one or two 
l eve l~  on e11v11 of tho ~~oj l l t s  011 the s n u t l ~  short! nf At.tu. Tho mnps 
4 o w  I~iFflrrr, more stt-mgly dismatrd terrnco~ 11t ~cvernl plnres on 
tho nnrtl~ sl~orr, II~~:IFII,V r:~st nf . \ ~ t s t  in (:rive. ncnr Northc~tst. J % l i ~ f f ,  
~vhsm tllerr, ;ITP t l~tap tmnI.:lrrs I ) P ~ \ Y P P I I  n ~ i d  1,750 T e ~ t  11hove sea 
levnl. Some n i  1 1 1 ~ s ~  ~ P ~ ' I ' ; F ( ' P S  nrr C O ~ S ~ ~ P I ~ O ~ ~ F . :  in V~CIVS Irnm the ma. 

AGATTU ISLAND 

A rolling 1,lnt~ma (fig. 117) mnstitutm nholit t l ~ r c ~ - f o ~ l r t h ~  of file 
rtren of A p ~ t t i ~  Islnnd. "I'l~t? n~nuntnins o f  tlln northot~stczn pnrt, of 
the islnnd rfsr  ill)^^^ tlle ]~l:~tritli i ~ l o t ~ ~  ;I npnrly stmigllt scnrp thnt 
-F:~res snntlienat for n~nst of i ts Irnctl~. 'l'tit. lrlrt thnt srverxl lwdrock 
matacts cross iht. scnrp lrn111 ~nnunt:linc; tn p1:ttenzl m i t l ~ w t .  displnce- 
lnent (111. 91) shnn-s tllnt t l w  sr:iry) i s  lwimarily crosionnl. Hoth the 
plntenn :lnd tltp srnrp c,i~t nrrnsq 11 v a r i ~ t y  of twk  types nn11 s t , r~~c-  
t ~ ~ r e s .  The l ) l n t ~ : ~ ~ ~  is I r l i r ~ ~ d  tn I F  :I I.:I~<P(? \~nr.c-cut ~,lntiorrn, find 
t l . ~  scnrp n former s ~ t t  rlifF: 

Frcnnn 117.-The plntcAr8 nn A p t t ~ i .  rlcwnl rrot~tltwpRt from pent AGAT. Cnpe S n b d  
nt Idt .  
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The plateau has undergone colisiderable glacial and fluvial erosion 
since it was raised nbove sea level, and it is cut bp ralleys 50-PW 
feet deep. The actubl wave-cut rock surfwe and any marine deposits 
that once Iny on it, have been entirely destroyed, as far rts is h o r n .  
The plnteau hns a maximum width of 7 miles and n length of a h l t  
14 miles. It slopes upward to the northwest from an altitude of nbout 
300 feet nmr Cape Sabak to  40&6M) feet nt the foot of the mountain 
scarp, and to more than 850 feet in places near the west end of the 
island. A 950-fmt-high hill 1% miles mutheast of Armeria Point 
probably was a thy islmd at the tims the plataau was being cat 
by marine erosion. 

Terraces preserved on spurs on the north side of the mountains 
are about 100 feet above the p l ~ t e a ~ ~  just ~011th of the mountains. It 
is not known whether the age of these temces is different Trom that 
of the plateau, or whether they am of the snme age bnt were raised 
to a higher position by differential aplift. 

&mow pre-IVisconsinnn terrnces rt Gillon Point, Ameris Point, 
and se~eral other places nre lower and youngmr than the plateau. The 
most extensive of these extends from Gillon Point to West; Core nnd 
is about a quarter of n mile wide rind 50-200 feet a h =  ses level. 

SEMICHI ISLANDS 

Of tha three isIands in the Semichi group, Shemya and Nizki are 
low islands, and Mnid is partly low and partly hilly. Only Shemyrm 
was visited by members of the field parties, and most of this discns- 
sion refem to it. The surfnce of Shemya is a gently rolling low 
plateau about 2 mile3 wide and 4 mires long. It slopes rather uni- 
formly to  the southwest and mth-south~rest, from altit,ndes of 
200-275 feet at the crest of the north sl~ore cliffs down to 85-76 feet 
nlong the mutll shore, at an atera* rate of abut  125 feet per mile. 
The southmest corner of the island stands a h v e  the ndjncfint sloping 
surface. The shallow basins md valleys on the island are mostly in 
a mantle of surficial materials. 

Excellent exposures are provided by two deep qunrries northwest 
of the center of Shemya, nt  an nltit~lde of about 200 feet. In the 
west quarry the bedrock surface is  exposed for n distance of more 
than 500 feet (fig. 118)). Its profile is nlmost stmight; the only con- 
spicuous irregularity is a sag about 3 feet deep nt the contact h t ~ e e n  
t.wo rock types (fig. 118, left). The badrock surface s l o p  gently to 
the southwest, and where it has not been shattered by mathering it 
is sharply knobby and clrspnte rind Ilas n relief of n foot or less. The 
knobs and cusps, whose forms nre controlled by jointing in the mck, 
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have smoothl? worn 2nd locnlly polished s~irfaces. This kind of sur- 
face, s l ~ o \ m  nt mnny plnrcs on ~nnrlern wnre-cut platforms dong the 
present shoreEin~. is I - c r ~  r ~ n l i k ~  t l i ~  1.ounrlei2 stoss-nnd-lee sl~rfnces 
cut. by glncisl crosion. 111 tlw ~ ( 1 s t  qu:lr.r!+, bedrock is overlain b~ 
3-10 feet of snnd and honldcr g r : ~ \ - ~ l .  T11 the east qilnrry both the 
k h c k  surf:lce and ov~r ly ing  mnlcrinls :we like those in the west 
qnnrr;r. In the cliffs nf the n o r t l ~  sllore tlie lwdrock n~rfxce  is less 
me11 exposed, bnt it seems p ~ ~ e r n l l y  similnr to that  of the qunrries. 

l?mt?nn 11R.-Rnlwrl mnrlnc platform nrprlnit~ hy ~rnrt.1. Pnnd, pfnt, nnd spoil in  
u-ertterrl quarry, S b ~ m y a ;  f i e w ~ l  irum s o u t t ~ W M t .  

Tho 1)~rlrock snrf:tce nf Sl~pm?-a is certt~inly n n-:tre-rut pl:lt fornl. 
It is   no st IiIreIy of pre- Wisconsinnn a*, bect tns~ n consicle~.nble 
period of s~nhil i tp  of sen 1c-r-el must haye k e n  required to cut it, nnrl 
becnuso glncinl ti11 is e s p w d  in many s!lallo~i* excrtvntions on tho 
l~iglier pnrt, of tlw island. The pntly  rollinr Inlie-clotted w r f ~ ~ c c !  of 
tlm  hole islnt~tl llns n plncizt erl appearance. -1 ainnll expomlr~: of 
the ~~~~~~k surfnrr a t  thr ~ w s t  end of the west qllnrry shows :l\)oi~t 
1 sq~~nre y!.nrtI n f ire-~rnrlwl IOTIII, tiiffPr~nt from the m-it re-worn 
s u r f n r ~  of all n t l ~ c r  P S J ~ ~ S ~ I P P I S .  Striatio~ls on t Iiis ice-erotlecl s~lrfxca 
jnclicate that (rlarinl irr inovctl from west to east,. Striations are 
present nEw on snmr of t l ~ r  I l n i ~ ! r l ~ r ~  i n  tile grwrel fit 110th qut~rries. 

?\'o explannt ion of t l l r s ~  f:~rtr sepitis conipleteJy satisfnrtnry, but 
the jnterpwtatio11 f ;~rnrcd 1 ) ~  tllr ~r-rittrr i s  ns follows. The bedroc,k 
plntform of Sllemyn wns r ~ ~ t  1 1 ~  ~nnriiic erosion, covered by mnrine 
deposits, nod then glncinted. 'L'lw marj~ie ciaposits were pnrtl~ 
remor-ed by glnriill erosion, w-11icl1 in xt lenst one plnce cnt into 
~ n v e - c u t  bedrock snrf:~ce. Till ~ v n s  tlepnsited in some plxces, princi- 
pally on the lliglter pnr't of tllp islmld. Outtr-nsll annd nnd gr:~rel were 
also deposited, c ~ v e r i ~ i g  ~ I I P  OIIP k1101i-11 :ITC:I of zlllnri:~t~d ledrock 
surface, This I~ylmtIle~is r~clitircs tlint ~ v l l r r p  tlie rlistil~ctiv~ly WRW- 

W O ~ I I  beclmck snrfnct! is not pl:~rinlly e r ~ l ~ d ,  71 t IP : IS~  t llc lower part 
of the overlying snnd nnrl ,garel must IF  marine ~ n c l  must hnvt: 
protected thnt surface from glncinl ernsion. I-Towever, no tlncon- 
fsrmitg whs seen in the cxt~nsirp. PXPWIITPS nf sitnd nnil gravel to 
SII~POI- t  the idex nf sepnmte gl:~ci:~l :md rn:rrine dey~osits. At no 



place could ths relationship of the till to the sand and gravel be 
seen, but the till is inferred t~ be younger than tlie supposed marine 
deposits, and it is certninly younger than the marine planation of the 
platform. 

According h Coats (1956, p. 86), Shemya, was not glaci~ted after 
the plntform was cut by marine abrasion, and the sand and gravel 
&re marine, perhaps reworked from g1:1~chl material. This hypothesis 
is oppeed by the available evidence, which shows that glaciation 
occurred after mnrina planation. 

Nizki Island and the lowlnnd part of Alaid Island nm at altitudev 
below 200 feet; they resemble Shemya and probably are marine 
terraces of simiIar age. The area of 60-foot-high hiIls at the west 
end of Ahid must have been n small i~lnnd when the t e m e  wns cut. 

TERRACE CO?WILATIONS 

Clearly, the different ialnnds, ~ n d  even different parts of one 
island, h ~ v e  not had the m e  higtory of changes of level, bnt prob- 
ably have been rtflected by Eocnl and difierentinl cmstal movements. 
Possible groupings of tlie pre-T'l'isconsinan terrrtw mrty be suggmkc1 
on tha basis of degme of preservation. OR the Shemyrs p l n t f o m  
(fig. 118) and probably on some of the lower terraces of Attn (as nt 
Mikhail Point, fig. 1161, parts of the original rnnrine platforms RIF 
pceserved under surficial deposit:. TI~ese terraces are presumnhly 
younger than deeply dissected terraces, the arigin~l snve-cttt rock 
surfaces of which hnve h n  entirely destroyed by Inter erosion. 
Among these young terraces nre the plaCenu and terraces of Apt tu ,  
and probably the high terraces of the north shore of Attu. 

GLACIAL EROSION 

The moumhins of Attu and Agattu display the typical land forms 
of valley gIncirttim: cirques show a wide ~~ariety of shapes nnd 
sizes, almost nll valleys hare distinct rock s t e p  at their rnot~ths, and 
soma valleys contain lakes. On Attn, the p a t  majority of cirq~ie 
floors lie between altitudes of 1,000 and 2,250 feet. In places where 
preglacial valley heads were lower, as on the Chirikof Point 
pninsula, a few cirque floors are as low as 500 feet. The mountain3 
on Agntttl are srnalIer in area and lower than those on Attu; the 
cirque floors them nre nlso lower and range in rrltittrde from a h ~ z t  
1,200 down to 275 feet. The scarp at the mast end of the Ag~t~tu 
phtean is cut by cirques w ' t ~ w  flmrs lie at altitudes of 10a300 feet 
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on the pre-Wisconsinnn marine terrace. The height of valley heads 
mntmllerl tlm level of cirque development; the lower cirques prob- 
ably came into existence lnter than the higher ones, as mowline 
k a m e  lower. 

The mountain rdleys of Attu and Agttu  am glacial trougha, most 
of which show wnspicua~sly U-shaped cross sections, somewhat 
modified by stream and frost action. Almost d l  cirqiaes and tributary 
ralle-s hang above the main tmughs, and the longitudinal profiles 
of troughs genemIZy show rock steps. The submerged troughs of 
Attu are shaIPov nnd lack sills and Pcre not fiords. 

Benchm and grooves xre common on the sides of glacinl trougl~s, 
particularly oil Attn. The djffemnt origins of such forms were dis- 
cussed by Cotton (1842, p 236-241, 250-252, 284-2901. (1) Tve9t 
Steller Valley, Attt~, and the valley soutll of Binnacle Bay, hmttu, 
display bncE~es which correspond in position to relativelp resistant 
beds of sedimentary mck or to sheets of ignmra rock. (2) Tho S Q U ~ ~ I -  

mest side of Gilbert Ridge, Alt~l, shows conspic~rous adjacent cant 
Zescing cirque floars nt accordant Iex-els. (3)  I n  some of the valIeys 
on the south side of the Attii Ilountain-Martinez Mountnin r idp  
(studied ody  on tapoprnpliic mnps ltnd aerial phobpphs) ,  well- 
developed valley-side benches resemble remnnnts of disected mlley 
floors. (4) Some uneven lse~lclles west of lower Sbller Valley, south 
of Abraham Valley, and elsewllere on Attn, as we11 RS on Apttu 
appear to wprewnt sptira t,llnt were t,n~ncnZed by gl~cial  erosion. 
Extensive benches which mny be of this origin lie south of the lower 
pnrts of tho Ternnac nnd Rfinfmnn C m k  valleys. Some ridges seem 
to have hem comple,tely owr~cl~elrnd by ice and were be~elerl to 
form platenulike nrens, stlcll as those between East nnd TITest 
Masshcre Vnlleys, between the two main branches of West SteTIer 
Vnlley, and enst of Enrle River. ( 5 )  The walls of many troughs have 
conspicnor~s lnrge fitrro~rs (Bg. 119) which do not wem to b~ explain- 
nble in any of the foregoing wnys. 

3fmy passes on Att,li and Agnttn are broad, smooth floored, and 
U-sl~rrped. Cot ton ( 1942, p. 192-103, 234) attributed such glaciated 
pnsses to ~ l n c i n l  diffluenee (as distributary ice streams spilled 
through notclkes in vnlley sides) nnd transtluence (diversion of ice 
hwtdwnrci from eiqttes across a dit-ide, through rt col cut perhaps by 
intersection of cirques). Almost nll valleys on Attu, except srnnIl 
tributxri~q, are joined wit11 one or more  alleys by glaciated passes. 
Broad low passes, such 8s those which connect Temnac Valley with 
Abdram and P e m f i ~ l  17alleys and which join Massacre, Siddens, 
Jim Fish, and O'Donnell Valleys, are diffl~tent passes. Many of these 
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saem to lie nlong innjor lines of 1)~drot.k \ Y P : I ~ P S S  tlil(1 ~ I ' o Z I X ~ ~ ~  were 
passes before glacint,ion. Ice frolri Temnnc Valley ovedlnwed a col 
in tlla ridge .lo the sa11t1i and c l~ t  rz ronspicuous p ~ s s  to tho lowe,r 
vdley of ICnnfman ('rev,I;, Tr;~nsflucn t passes ;ilso tire nlunecous IXII(~ 

r:kIlgB in ajt  ihncfe fro111 Ilalo~i- :<,iO feet on the Chirikof I'oinC p~ninsrtln 
to nlmve 2.250 feet, on the ,2tt r~ 3lo~ii1tai1i-~Ix1~inez hlotmtnin ridge. 
All ser-~n ptlsses across fhc ~ n n i l t  .~ntrtl l \~est-nortl~e~lst (1 ivicl~, of the 
AILgattu rnot1nt:lins II:I\+P beell glnc.intetl. 5ti.i at ions and stoss-ancl-Ice 
topograpl~p slinrr- tl~:lt ire flowrtl soutlien~t tllroupll the pxsses on 
I m t l ~  sides of Peak F and s1,re:ld otlr :lr i t  rl~srended onto the plntenlr. 
T h e  ice cli vide eridelitlv l :~?  ~onlcwhat  ~lorthrl-est of the t opo~r :q~ l i i r  
divide. 

Several occzlrrenres of sti-ixtimls inclirnte that the ire nloved E m -  
orally sontl~wnt.cl 011 the A p t t ~ i  p ' l n t m ~ x  sontl~ of t l ~ e  mntmtnins find 
sprexd to the so~lt~liwest nnrl east. TI IC Iiunclt~rls of lakes nncl ponds 
on the 11Tntemi nro believeil to 1~ of glnrixt origill, except for  some 
small ones whidk w r e  fnnne,cl ljy frost actin11 and veretntian. Few 
lakes were stndied closely, but S E I P ~ : I ~  are kilown to lie in rock hnsins. 
The ice dleet tlmt rover~d the plnteau must Ilnvt? spilletl over tlin 
mnrg-innl slopes on nll sides. 111 In;lnp plnres tlla 1q)per p:trts of tlie 
slopes shon- erirlenre of glncinl ~ ~ v s i o n ,  bnt I j e t ~ + e ~ n  Kile Point; ~ n c l  
:Iga Cove almost lloile of t l ~ e  ice-rounded mnrghl l ~ x a  survjved post- 
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glacial marine erosion. The cirques in the scarp at the west end of 
the platean were cut mostly before the ice sheet mched its maximum 
extant, as is shown by ice-rounded parts of the crests of the cirque 
headwalls. 

Only tl sma1,ll part of the erne- rock platform ex-d in the 
quarries on Shernp was g1:lacblly eroded (as prerioudy described). 
It mms likely, therefore, thnt tfie ice sheet thnt covered Shemya and 
probnbly Nizki and the lowlnnd part of Ahid was relntivdy thin 
nnd did not strongly erode these islands. 

Ensily erwled bedrock (wenthered or hydrotherm~lly n l t e d  in 
pre-W isconsinan time) exposed nt several places in the ?riasmcm Ray 
lowland of Attu shows that the glaciers that emerged from tlm adjtl- 
cent valleys did not everywhem cut down to resistant m k .  

GLACIAL DEPOSITION 

There are few exposures of glacial deposits in the Near Islmds 
h i d e s  those in the quarries and rondcuts on Shemyra and near 
Massacre Bay on Attu. The bedrock of t,he. paks, Ilills, and ridges 
of mountainous nreas nnrl of the Agattn plntenl js covered by a thin 
nnd discontinuous rnnntle of frost-shnttared rn~tecinl derived from 
the bedrock. GIncinl deposits a1.e mostly in valloys and lowlands and 
am genernIlp conceaFecI by the extensive blanket of turf and peat. 
Jltrch material cnrried by the ice was probably d e p i t e d  in n m  
now below sen level. Srntton (1953) concllrded that a ImrmnocR~ 
stony area in ffie bottotn southead of 3inssncm Rny is covsmd by 
dncial morainic deposits. 

Glzcinlly transported I)nnld~rs SIT locnlly mmmon, find in n few 
plma the distributioi~ of errnt irs s11on.s the direction of ice motion. 
All exfmpls on the ~Qnttu plntenn is the gabbra holdder fnn t l ~ t  
extends nt least 2 miles, to the soatll-sontliwest fmm the s~ut~heast 
flnnk af Penk R, m-lrere n gr~tlra sill wns strongly eroded by ice that  
emerged from the adjacent glficinted pnss, 

Till exposed in an old r o a d c ~ ~ t  nenr the northenst corner of THnm11 
Core, Agattu, is about 15 feet thick. It is yellow id^ brown nnd is 
composer1 n~ostly of a n d  nnd silt, wit11 less than 5 prmnt stones 
nnd probnbly Iittle clay. Most of the stones nro su~bsng~lns and mnny 
RIW striated. Sirnilnr light-jimy to yellowish-bmwn till is extensix-ely 
exposed in excn\*fitions in the Mnsmcre nny area of Attn and on 
tlze I~igher part of S ~ I E ~ I F ~ .  At least part of the strrficid rnnterinl 
wllicll vo~~ers  the old marine terrnces of At tn nppenrs to be till. Some 
lu~inmocky h~tldery nmas in such plnces as the plntenttlike glacially 
tnmcnted r i d p  in the upper part of Tlrest Steller VnlIey on Attu 
nre umderl~in by ti)\. 



Moraines occur in Inany cirques on Attu, but in only a few vdays 
below, and none am on Agattu or Shemya. One distinct mlley 
moraine fomg the dam of a lake an Addison Cmk, 5 miles upstream 
from West Arm of Holtz Bay, at an altitude of about 400 feet. Some 
moraines are shown on the; geologic map of Attu (pl. 80), and many 
others doubtless exist. Several cirques around the head of West 
Steller Valley contain two moraines each. The outer moraines lia 
in the mouths of the cirques at altitudm of about 1,500 feet, They 
reach heights of more than 100 feet in plaoes, md some have ponds 
on s hummocky topography. The outer moraines and the areas 
within them bear only smthred \-egetation, whemns the valleys 
Mow are almost completely wgetatd. Above them moraines and 
c l m  to the cirque headwalls are low debris ridges at altitudes of 
1,700 to 1,900 feet, with very little vegetation. The small sizes of 
mme of the ridges and of the basins within them suggest that they 
have been formed by movement of dsbris over large perennial snow- 
b~nks, thus that they are protalus ramparts rather than moraines. 
Thesa inner ridges clearly are very young, and prhaps they are 
equivalent in age to the moraine 0.2 mile in front of one of the 
existing glaciers about halfway between Attu Mountttin and Martinez 
Mountain, at an altitude of about 1,500 feet, One or two moraines 
are present in many cirques amund Etienne Bay. A third, lowermost 
moraine, extending down to an altitude of about 800 feet, is present 
in the large compound cirque on the north side of the head of 
Etienna Bay. 

Large amounts of glacial mtwwsh probably underlie the postglacial 
alluvium deposited by streams in the broad, flat-floored valleys of 
Attu. Some outwash is now being deposited in the ~d1~1ys  of streams 
draining from the existing glaciers of central Attu. Perhaps some 
of the sand and gravel on the Shemya platform (previously 
described) is outwash. 

GLACIAL HISTORY 

The mlatively small amount of weathering and erosion of glacial 
featurn of the Near Islands suggests that the features are no older 
than IVismnsinan. No clear evidence of pre-Wisconsinan glaciations 
has been found, and if they occurred, their effects were masked or 
destroyed by those of intense glaciation during Wisconsinm time. 

The general form of the ies surface at the time of maximum 
recorded thickness of Wisconsinan ice c m  be reconstructed from the 
present topography. Cirques and passes, with allowance 
for reamnable thicknesses of ice in them, give minimum locd alti- 
tudss of the glacier surface. sharpcrested peah and amtw stood 
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a h v e  the ice and indicate upward limits of altitude of the ice surface. 
At the glacid maximum, only high peaks and riw stood above 
the ice surface on Attu; large ice streams were connected through 
passes in the mountains and were confluent oper and around the ends 
of rid- to form a continuous seaward dope of ice. Glacier heads 
along high ridms were at altitudes of more than 2,000 feet in somo 
places, and som0 of the main vdleys in the central past of the island 
were probably filled with ice to depths grater than 1,000 feet. In 
outlying groups of peaks, glacier I-ieads were commonly at 1,000 ta 
1,500 feet or even Tower. 

Im was confluent around the p k s  and ridges of the Apttu - mountains also, and extended muth and west as n plataau ice sheet 
that perhaps had a hump oTer an independent center of p w t h  on 
tha western part of the plateau. All the mndrtry divides of the 

C Agattti mountains fire sharp aretes, but the passes across the main 
divide were glaciated. The ice thickness as inferred from sharp- 
c d  peaks and amtes is not certainly the a h l u t e  maximum 
thickness. Peaks wand ridges might at  one stage have h e n  compleklp 
overridden and lahr resharpened by erosion during glacier shrinkrcp. 
The evidence suggests that the ice surface (excluding small hanging 
glaciers) at the time the aretes were being formed was at  altit,l~des 
of 1,000 to 1,200 feet in the main cirques in the central nnd western 
pnrts of the range. Probably nowhere was the ice in the moontnfns 
aa much as 1,000 feet thick. Them is no direct evidence of the thick- 
ness of the ice she& on the plateau, Because of the ease with which 
ice could flow ail tlle plateau, however, especially ta the south, and 
the lsck of evidence of glaciation above an altitude of about 1,200 
feet in the mountains, tlle ice sheet may have h n  only mveral 
hundred feet thick, and certainly it was less than 1,000 feet thiak. 

The %michi Islands, with the possible exception of the hills on 
Maid, were covered with ice, probably a single confitlent sheet. me 
p m c e  on westam Shemya of striations made by ice flowing east- 
ward mggests that the cenkr of movement of this ice sheet was 

C wed of S hemya. 
The mowline at the glacial maximum in the Near Islands was 

probably somewhat above the floors of the lowest cirques, perhaps 
near 600 feet, some 1,700 feet lower than at present. The smaller part 
of the ice from the Agattu mountains moved onto the plateau and 
was most IikeIy intrdequate to maintain t31e ice sheet that covered 
the plateau. As suggested by Sharp (1946, p, 1981, the snowline 
probably dropped low enmqh to nourish dimtly the surface of the 
phteau ite sheet. 
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Sea level was affected during the glwial m&mw by eustatic 
emergence, by isostatic subsidence beneath the weight af ice, and 
perhaps by diastrophic movement. According to Gates and Gpibson 
(1956, p. 138), the net emergence of t l ~ e  Near Is l~nds platform was 
probably at least 240 feet. The margins of tha im rnms of Atku, 
Agattu, and the Semichi Islands extended unknown distances hyond 
the present shores of the islands. Scruton (1983) concltided that 
these ice massea coalesced to form an ice sheat that cowred most of 
the Near Islands platform. Possibly, mmt of the submarine deposits 
on which his conclusion was based coltld have been depmited by ice 
rafting. 

Some cirque moraines on Attu and the low-altitude mardne in 
Addison Valley formed with glacier fluctuations during general 
recession of the ice. Them is no evidence of such fl~rctnations on 
Agattu and Shemya. &advance and recessionaI moraines sre known 
fmm many districts on the mainlmd of Alaska, but correlations with 
those on Attn do not stern feasible at present. The moraine in front 
of one of the existing glaciers on At.tu and the probably correlative 
highest moraines and protalus ramparts of the Stellor Ray area are 
considerably more recent. They may have formed during the glacier 
mdwnce during the I& few millennizr. The present small sim 
of the Atta glaciers suggests that the former glnciers mny have 
compIetely disappemed here during the pwtglacial warmth maxi- 
mun, and that the exhing glmiers am of more m n t  origin. The 
nearest area, where such glacier fluctuations hsve bwn dmri bed in 
detail is in the Prince TVilliam Sound region of south-central AIaslta 
(Cooper, 1942). Comparable m n t  fl uctnat.ions of mtlll glaciers 
probably occurred en Great Sitkin Island (Simons and Mathewson, 
1955, p. 33). 
Small glaciers still exist in cirques of the Attu Mo~~ntain-Martinez 

Mountain ridge in central Attu, the only penks in the Near Islands 
that reach altitudes of more than 3,000 feet,. The largest of the more 
than cc dozen glaciers here has an nreR of slightly Iass than half a 

square mile. None of the glaciers wew visited in t,hhs field, but cre- 
vnssed glacial ice is unmistakably shown in mdnl  photograph^. The 
lower ends of the glaciers lie nt altitudes between 1,500 nnd 2,000 
feet, and the firn lines on them, presumnhly representing an ora- 
graphic snowline, are most likely at altitudes between 2,000 rind 
2,300 feet. 



GEObOGY OF NEAR ISLANDS, ALASKA 

POSTGLACIAL STREAM ACTION 

EROSION 

!I'he main valleys in the Xear Islmds am preglacial stream valleys 
modified by glaciation, a9 previously decribed. Postglacial stream 
erosion is canspier~ous in some places, but it lns significantly affected 
only a small part of the surface area of the Near Islands. Tribu- 
taries to gullies are poorly det-eloped, owing to the dornin~nee of 
mass wasting over runoff erosion. Rainwash erosion is probably 
inhibited in most p l w s  by the heavy turf or the permeable frost- 
broken rubble which covers most slopes. On Attu, ptglacial stream- 
eroded V-shaped gullies am nl~memus (fig. 119) and range in depth 

I 

from a few feet to 200 feet, nnd rarely to 400 feet. They are lar@ 
where streams cross such convexities as the m k  steps in valley 
00013 and the lips of cirques and hanging valleys both inland and 

C above warn-cut cliffs. 111 most large valleys, incised parts alternate 
with only slightly eroded or even aggmding parts. Valley widening 
has produced some narrow flood-plain segments. Linear gullies have 
been ended nlong some of the postglacid faults on Attu, as well 
as along preglacial lines of bedrock weakness. Very small gullies! 
incised only a few fmt, have been cut by locd dope m o R .  Vegeta- 
tion commody covers the gully walls and, in places, floors, and ero- 
sion se~ms to bs slow; some gullies wander among froat-produmd 
nlirlor rdief features or art: partly drrrr~~~ed by mrtwes of f i - o ~ ~ - n t o v &  
material. Smdl gullies grade into ungullied drainage Iines marked 
by stripes of relatively dense vegetation (fig. 119, left-hand side). 
On Agattu, postglacial gully de~elopment is similar to but not as 

extensive rts that on Attu. Little stream erosion has occurred on the 
Semichi Islands bemuse of their smdl area and slight; relief. 

DEPOSITION 

The principal postglacial deposits in the Near Islands are in the 
broad valleys of Attu, with mhidl the following discussion deals 

r principally. The alluviated floors of the vdleys slope 25-100 feet 
p r  mile, and exposed mdiments are gravel nnd sand, locdly veneemd 
with silt, The streams in mast of these valleys follow simple sinuous 

t 
channels, but those in a few valleys have braided courses. Much of 
the valley fill may be glacial outwash. 

At the seaward ends of the alluviahd valleys are large bayhead 
beaches. Even in the most protected of the large bays, wave and 
current action are strong enough to prevent farmation of deltas. The 
flat vdby in Etienne V~lley between Etienne Lake md the head 
of the bay has been built almost entirely by propaiding of a midbay 



bm. The presence of groups of old beach nnd dune ridges in other 
vallap, locally mere than a mile idand from the present heads of 
the bays, suggests t h ~ t  prograding of bemhm may have been a 
major agency of deposition in at least the seaward parts of some 
alluviated valleys. Stream-carried detritus is contributed to a bag- 
head beach, but B lagoon cuts off most of the supply of sediment 
to  a midbay bar from the main stream of a valley. 

Substantial deltas are built only where main streams enter lakes, 
and most of the lakes on main streams are bayhettd lagoons, as at 
Etienne Bay. The gre~t  majority of lakes receive very little sediment 
from the small streams which enter them 

Ahvial fans commody have been built where steep tributaries 
entm the main valleys of Attu, mpecially along the sides of broad 
alluviated valleys (fig. 119 and pl. 80). The fans extend half to 
three-fourths of the way across the floors of some valleys, as jn the 
upper pmrt of Temnac Vdley. Fan-shaped detrital accumulations 
range from aluviwl fans to talus cones. Alluvial flats on the treads 
of some rock stapa may mprewnt fiIled lake basins. Narrow flood- 
plain and low terrace segments occur locally. 

On Agattu, stream deposits include alluvial fans in the mountains 
and small flood-plain segments along some streams. Stream deposits 
m almost absent from the Semichi Islands. 

POSTGLACIAL MARINE ACTION 

me effects of postglwial m~rine erosion and deposition are abun- 
dantly displayd in the Near Islanb group, find the features 
discussed here include sea, cliffs, shore platforms, and beaches. Steep 
sea cliffs dominate the shorelin~ of all the islailds. Shore platforms 
are generally nttrrow a m d  Agattu, Shemya, and parts of Attu, 
but they are especially well developed in placea &long the south 
coast of Attu and reach a maximum width of a quarter of a mile 
at one place on Ghuniksak Point. Broad beaches are common at the 
heads of bays on Attu; they are Z ~ s s  common on Aettu and dmost 
lacking on Shemya. Raised cliffs, platforms, and beaches occur in 
some places. Many coves, gullies, short segments of cliff, and margins 
of stack are eroded along fault zones in bedrock. 

MARINE EROSION 

SEA CLIPFS 

The shoreline of Attu is about 160 miles long, and about 145 miles 
of this is cliffed. The highest sea cliffs of the Near Islmds are on the 
sides of partly submerged glacial troughs of Attu (fig. 1161, where 
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R reliitirelp srnnIl nmolznt R S  111:1rirl~ PI'OPIOII of the s t e ~ p  trnt1~11 walls 
has  ~ T ~ I I C P ~  very stePp, rhr.nggy. i~~~stfik)I(~ slopes to  IleigF~ts of as 
much xs 1,5M f ~ e t .  111 front of mnst nf t l l ~  n c t i r ~  rlifls nre boulder 
beilch~s, bare s h r ~  pl:xtfnrnis~ nr smfill t n l n s ~ ~ ,  hilt a fen* s l le~r  rock 
fwes ph~nre  clirectl?+ into tllp spn, .\Inst ~ t f  t l ~ r  rliffs of Att11 nrp. not 
laing ac t i~e ly  ntknrk~d : ~ t  11res~tlt r~nd xrr 1:trg~l;r. CO\.PWCI lly ~01111- 
rinm, tnlnses. nnrl mpt:~  tion. TIP I):IFPS of t l l~ se  innrtivr cl ifTs are 
separated from the :~rtii-a slror~line l ~ g  pat-tIy tltrf r,nverrrl tr~lltses 
( f ig  I Id ) ,  rollurial benclies ( fig. 1803, or 1)rmtrl I ~ C I I I I I I P ~  1i~:~clles. 
The r~lxtively rerent origin of t l l p  inactive. iblitFs i s  sllnwn by their 
shnrp pmfiles ~ n r l  by thc mnny l l a n ~ i n r  strr:un \-:111rys. Similar innc- 
tive cliffs 11az.e hecn pmrlt~cetl :tt tlir Ilrnds o f  1111rt~ly st11)mcrpd 
g lnc i~ l  troughs, ~ l l e r e  nl l rlvinl (11' ~ ) r o p c ; ~ t l i ~ ~ ~  \ w i ~ r l ~  t l e p n s i  ts now 
bury cliff bases. 

F J G m E  12n.-Shorr plntfnrm. I n a r r l r ~  Lr.n cliff, nllrl ru~llr~rlnl txonr11 nt font of rlfn", 
Chnnlk~nk Point. . \ t tu : dpwwJ from T P F ~ .  l l l ~ l ~ ~  on rrlntform lr  orltrrop of 1)nqlc 
dike. Scale is s h o ~ n  hy mnn n? lert of wntpr .  

The sea cliffs of m o ~ t  of tllp sontli rofiqt nf +igntt l~ :trr :~ct  irr. In 
mnny ~ ~ R C P S  they P Z ~ I I C ~  vertic:~lIy, or n ~ a t - l y  50. :111t1 iilv 11s till~rh :IS 
400 feet Iligh. Remnants of ice-1-nund~rl sln~les n long t 1 1 ~  cl i f f ~ d  ~ c l p s  
of the Agatt-ii platmu, as nt tlle w ~ s t  encl of the 5outl1 catst  nntl on the 
northern part of the enst const. sl~orr t h n t  the clifls nt tliosr plnct-s 
Tere probablv p~wlrrrd by ~rlatirely slidit n~nrine erasion of gln- 
rinlerl sctlrps, which were in intl~rn developed from pre,rrlncial sen cliffs. 
The marille planation that p r ~ l u c c d  tlie insnlnr shdf 5-R miles w i r l ~  
snutll of h ~ a t t ~ n  (Gates nnti Gibson, 19.56, 111. 1 )  was c~rtninly mostly 
pre-Kisconsinan. Nost of the clijl's of tlle north const of Aptti1 nm 
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innctire (fig. 1121). ,ZEei~t Iinbi tation sites, marked hy collnpsecl huts 
nnd by mjddelw >10 feet tllirk, lie on collnvinl benches i ~ r  ftvlnt of 
innctire cliffs in se\-er:d pl:~ces, as at Uinnscle nny nnd Patricia 
Fiigllt. Be,c:ruse these R ~ ~ C S  lilrnf l i k e l ~  dnte from befow, the p a l .  
decrease of popl~lnt ion in tlie late lsth renturl- (Collins ~ n c l  others, 
1946, p. 12), tlre clifl's tunrl l>e~lclles must 11lil1-P. stnble for at lenst, 
x few centor'iss. 1l':i~s :rt ttick on the illncfit-P clifrs has h e n  arrested 
for so long thnt it. ct~l l~lot  he c~i~s ic lere~l  n lmsent-duty prom=. 

F ~ o w n  121.4 l inre  plutform, Inactlre a r r  dll, and rollnrtal bench nt foot  of rZ1R on 
tuat ullore ~ r f  ,\rrnPrln Hny. .\mlti& : rlfnwl from north. 

The m& likely caux of ressntioi~ of ~ v a r e  nttnrk on the now- I 

imcfive clifss is n sligilt tertonic or ci~stnt ic clrtergmct?. This trmpo- 
rnrjly mores the lint! of s tor in-w~~w nttnrl; ont  froin rile haws of lrlost I 
cliffs, until d ~ e p ~ i h g  of tihe ~iei~rsl~nrc hot to111 is nccompl ii;lted. Salt 
clifl's nonr 1Yp.l lington, Sew \-%e~tln~ul, for instwnrm, became innctive 
t ~ s  IL result of a 5-foot et~rthquake uplift in 1855 {Cotlon, 1951, p 
109-110 ; 1932, p. 466). 

SIlClRE PLATFORMS 

Cons~>icaous rshor~, l~IntIonus, rut nFrnost Jlorizontnlly ncrnm bed- 
rock nenr sex le;\*~I, lie in frnn t of n~nny of the wrve-ent cliffs of hhe f 

Swr Is1mds. These pJnt f~r ins  nre distinct from the conventional 
sloping ware-cut profile ol equil i brim1 detinad hy Fennemnn (1902) 
find Johns011 (1919, 1).  lfilLIB3), :w~d recently d ~ w r i h d  IEJ. 8mdIq- 
(l!lS&, p, 42fi430). I n  the Kear Islands w~c l l  rclnv~r~tienfil wave-cut 
benches most likely nre rep~esent~d by ninny of the extensive ~1~x110 ~ ~ -  
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bencl~a below low-tide level that may be geen on vertical aerial 
P ~ O ~ O P P ~  
In contrast, the shore platforms are remnrkable because they are 

cut m cIeanly across bdrock; their nearly horizontaI surfaces, corn- 
monly having less thw a fmt of relief, are widely exposed at; low 
tide. The bedrock geology of s narrow shore platform on CRXO Point, 
Mnssacre Bay, has h e n  described in dehil in an earlier section (fig: 
111). (A shore platform is also shown in the profile af the south 
coast of the Murder Point psninsula, Jlassmm Bay, fig. 122.) The 
broadest platform, cut on bedded argillitic rocks at the tip of Chunik- 
aak Point, Attu ( f ig .  120), reaches a maximum width of a quarter 

. . of a mile. Other broad shore platforms occur on all the pmmontori~is 
on the muth coast of Attu nnd locally along the north coast. 

At Chuniksrtk Point, Attu, the Mded  argillites and relabd sedi- 
mentary rocks of the Chmiksak Formation dip 15"-20" seaward and 

m ttre cut by dikes and sills of diabase. T h e  locat micmmlief of the plat- 
form i s  approximately pmportional to the thickness of the bedding: 
where the beds are thin the platform is remarkably smooth, and 
where they am thick they form low homwlhsl ridges. At high tide 
most of the platform is awash. 7Vhem an active cliff stands behind the 
platform, a narrow doping mmp thnt is not subrmrged at ordinary 
high ti& cummonlp lies between the platform and the base of the 
cliff. Dikes md sills of diabnse stand ns prominent ridges wwml feet 
high (fig. 1203, and there nm also some stacks on the pIatform. At 
low tide the platform emerges except for long narrow emb%yments 
eroded along fractures. Jluch of the surface is covered by algae, and 
marine animals are abundant in sI~n110w pwls. 

On Agattu, shore plntfonns were examined in parts of Armerin 
Bay (fig. 1213, Bimaele Rny, Patricia Right, and Kmnb Cove, and 
they are present on many other pa& of the island. The shore plat- 
forms of b t t u ,  like those of Attn, am nlmmt flnt b11G have minor 
irregulsrities related to bedrock struct~~re ~ n d  lithdogy. The plat- 
forms are as much as 300 feet wide. Tlleir mawad margins in mmt  

L 
pln-ces are abrupt nips 6 or more feet high; these n i p  ire the low- 
tide shoreline cliffs, but they are under water at high tide. All the 
platforms studied are cut on bedded rocks that d i p  less thrtn 15". At 
Patricia Bight the rocks strike nt a considembla nngla to the share- 

* line, so that ths platform nt low tide consists of a series of pnmlPel 
r i d p  and intervening ~ater-filled tronghs trending seaward. On the 
maward edgw of the platforms cnt on landward-dipping rocks on 
the &st slm-es of Armeria nnd Binnacle Rays, broad ramprths of 
mnssive tuff stand 2-5 feet above the generid level of the platformn 
and in places am not covered at ordinary high tide. In the Karab 
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Cove area, well-bedded rocks dip seaward, and the platforms cut on 
them lack ramparts and generally slope very gently seaward. With 
the exception of beaches in front of some cliffs, there is very little 
detrital cover on the shore platforms. The cliffs behind many plat- 
forms are inactive. Where cliffs are active, the rock of the upper 
parts of the cliffs is somewhat weathered, but the rock of the lower 
5-15 feet is generally smoothly abraded and unweatherea. 

The shore platforms of the Near Islands show close similarities to 
those along the coasts of New Zealand, Australia, Hawaii, and other 
parts of the world, the origin of which has been much discussed but 
with little agreement. Those of New Zealand and Australia, variously 
called shore platforms, shore benches, or storm-wave platforms, 
have been described and discussed by Bartrum (1916,1926), Edwards 
(1941, 1951), Hills (1949), Jutson (i939), and others. Those of 
Hawaii have been described and discussed chiefly by nTentworth and 
Palmer (1925), Wentworth (1938), and Stearns (1941). Some of the 
platforms described in these papers may be different in origin from 
those of the Near Islands, but the descriptions from many areas could 
be applied almost without change to Near Islands platforms. 

The principal point at issue in most of the discussions of origin 
of platforms is the relative importance of subaerial weathering and 
wave erosion as agents of planation. For Hawaii, Wentworth (1938) 
concluded that "water-level weathering" at the margins of shallow 
pools reduces wave-cut sloping platforms to horizontal platforms. 
For Australia, Hills (1949) adopted a related hypothesis of "water- 
layer weathering" caused by alternate wetting and drying of the 
rock just above water table. I n  both areas, of course, the decomposed 
or disintegrated rock is removed by the action of waves and currents. 
Hills maintained that waves acting alone cannot concentrate their 
attack at a particular level and would cut a sloping, not a horizontal, 
surface. This sloping surface would be the "profile of equilibrium" of 
Fenneman (1902) and Jolznson (1919). On the other hand, Bartrum 
(1926) distinguished two types of platforms: those formed in a way 
similar to that described by Hills, and those cut by storm waves on 
exposed coasts. Cotton (1952, p. 413417) made a similar distinction, 
and Edwards (1941, 1951) discussed in detail the storm-wave origin 
of platforms. 

The shore platforms of the Near Islands were developed probably 
by a combination of subaerial weathering and wave erosion. Subaerial 
weathering is effective down to the level of permanent water satura- 
tion, near the upper limit of rank growth of seaweed. I n  contrast to 
processes in the mild climates of New Zealand, Australia, and Ha- 
waii, the chief weathering agent in the Near Islands may not be 
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chemical decay but, rather, shattering by frost action. Fmst-Imened 
and wavequarried debris is swept off by storm waves, which abrade 
and smooth the platform surface but prob~bly do not quarry out 
much rock below the level of alternate freezing and thawing. 

The low-tide nip st  the seaward margin of a platform is eroded by 
quarrying and abmion. However, during formation of a platform, 
the main cliff must be cut back more rapidly by the combination of 
storm-wave attack and weathering than the low-tide nip is cut by 
wave nttnck nlone. The nbsence of shore platforms on the Inrp  
gnbbro mnsses of the main hendluds of Agattn is explained by the 
fact that  the spnmly jointed gnbbro is disintegrgrated much l e s  mp- 
idly by wave or frost nction thnn nre the bedded sedimentmy ~ n d  

s 

volcanic rocks. 
Reca~iso the present plntforms on tlw major part of the Near 

Islands shorelines stand in front of inactive sen cliffs, it is infermil 
that the platforms In )  were cut nearly at their present levels when 
the cliffs were nctive; (b) were raised sliglltly dming the emergence 
that inactivated the cliffs; (c) Jlara h e n  eroded to their present 
midtide levels by weathering nnd nbmsion, except for remnants that 
stand near or above high-tide let-el ; and (d) are now being slowly 
removed by wave attack at the lom-tide nip. 

MARINE SHORELINE DEPOSITION 

The large bays on Attn are pnrkly st~bmerped glacial troughs wit11 
nearly parallel sides. At their bhmt heads are I n r p  bars or beaches, 
mostly of sand. The bny heads w e n  once considerably fadher inland 
in these troughs; for example, old abandoned sea cliffs, partly bnriad 
by alluvium rind talus, Wend dong the valley wnlls nhut  blh m i l e  
inland from the present hends of h u b ~ ~ r n  Cove (west part of StelIer 
Cove) nnd Rienns Ray. 3Pidbny brim hnve enclad large l a p n s  in 
some bays which m i r e  little land drainage, snch ns Etienne Bay 
and Sarnna Rny. The, beads of most of the bnys have p d u a l l y  pro- 

I graded by the deposition of beach m~terinl and streurn nlluvit~m, as 
in Stellar Cove nnd Abmhnm Thy. Old shorn ridges thnt mark former 
positions of the h&s of bnys stnnd nbove the nlh~cium. The crests 

a of some of these old ridges nre notably higher than the modern ridw 
in the same valleys, nnd some of the old ridges have undergone emer- 
gence since they were built. Two Imys were studied in detail; these 
are Auh~~rn Cove nnd Etienne Rny (fi,q, 122). The datum for the 
altitudes given is the "senweed line," approximntely mean low tide; 
the altitudes were debmined by hand leveling. 

MI-866 671-7 
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PrcoRe 122.-kbore profiles at heads of Auburn Cove (Steller Cove) and EUeono Ray nnd on south shore of Mnrder P d n t  pdnsuln, 
Mnssucre Bng. Attu. Featurea labeled A nad I) em sot correlated between Auburn Cove nnd Etlenne Bay. Datum Dime is "rea- 
weed Uae" (npproxlmatelp tam low Ude). J3und-level sorvayB bS J. P. Schnier and EL A. Powere. 



GEOMGY OF NEAR I8LANDS, ALMKA 799 

Near the middle of the head af Auburn Cow, the beach rlses to  n 
s tom-bch ridge at nn altittlde of about 13 feet. This ridge js com- 
posed of. sand aid p l - e l  nnd has a thin mantle of dune snnd. Vep- 
tation is irlmost absent senmxrd from the crest of the ridge* 1)ut inland 
from the crest thew is patchy growth probably developed since the 
previous winter's stornls. About 200 feet inl~nd ia n 15-foot bem 
covereif. by continuous vegetation that  has not developed nn ~~nderly- 
ing p t y  layer. Comparable bmns near JInssacre Bay, st~clrn as tbc 
storm berm in ths hlurder Point profile (fig. 1283, contain militnry 
debris which co~ald not have been incorporated befare 1943. Therefore, 
this h r m  is believed to  have been built by exlceptio~~dly severe storms 
within about tile previous decade, and is called a high storm berm. 

rn 
Inland from the hm is the 20-foot-11igh d~me ridge A, which is 
covered by dense turf underlain by :L peaty in ye^ and is not now 
within rench of marine nctirity. Xext it~lxnd across a bmnd swnle 

* is dune ridge H, whicl~ renclies 211 nltitnde of abotrt 45 feat. An ex- 
posure cut by Enst Fork Steller Rirer s11ows that this ridge is com- 
posed of dune snnd overlyjng hell enncl and ,gavel, and the top of 
the beach deposit is at nn altit~tde of ahnt 17 feet. As modern storm- 
beach deposits extend to nlf itudes of \re11 al)ore 20 feet on Attn, ridge 
R could hnce k n  blrilt nt  n time wllell sen 1e-r-el mas no higher thnn 
nt  p m n t  Ridge B is the fimt of n gronp of ridges that extends about 
n quarter of x. mile farther i n ln~d ;  tlierc ~ 1 . e  rct: least seven other 
sidg-es, all slightly lower t h ~ n  rirlgt! n. 3lnlv t11n11 3 mile inlnnd from 
the present beach i s  n remnant of n group of old ridges lying in the 
nlluvhl plain in front of the end of the ridge ! X ~ I Y P P ~  Enst hnd 
1T'est StelFer ~al leys;  the nltitudes of tl~ew ~idgos n-ere liot mensured. 

At the head of Etienne Bny nre n storin berm nnd n higll storm 
h r m  that nm comparable in nrnount of vegetntive corer to tIre storm 
ridge and h e m  nt Anburn Cove but n1.e s a l ~ e ~ v l ~ n t  higl~er. The big11 
storm b r m  is ltbsent from the middle pnrt of the head of the hay; 
at  tlie rnotttlr of the outlet stream from Etiei~ne 1,nkr the I ~ r m  is con- 
ti~llolls with n strenm terrnce. Behind the s h n n  13ems, n cliff ahont 
1'2 fieet Ikig11 expokes crossbedded dnne sand. Abare this cliff is the 

C 
40-fmt8-hjg!l lsencl~ A, nbont 250 feet wide, wlricb Itns h~obl~y dune 
topogrhphy and *I. co\-er of dense turf rrnderlfiil~ by pent. I3ehincl 
keulch A, nn old rises to dune ridge R, which is nbu t  65-90 

I feet, in nltitude; higl~sst in the middle of the rdley, nnd hns very 
kllobby d~tne  topogmphy. Air e x p ~ ~ r e  cnt by the blltlet strenm from 
Etienne Lnke sllo~~-s thnt between the a1tjt rides of 26 and Rfl  feet rid@ 
13 is cornposed of interbedded sand and gravel that dip3 very gently 
wnwnrd; the mahrinl n b v e  60 feet is not exposed but is pmbnbly 
mostly dune sand. It is not certain whether the thickness of 



sand and gravel is a beach deposit or is an alluvium deposited behind 
a beach ridge. Regardless, the deposit was formed at a time of sub- 
mergence to a depth probably 30 or more feet bdow prwnt sm level ; 
the high& present storm-beach deposits sesn on Attu are at altitudes 
of less than 30 feet. 

Idand from dune ridge B at Etienne Bay, the plain that extends 
to  Etienne Lake has m altitude of about 65 feet on its seaward part. 
The plain is crossed by kt least seven Iow dune ridges concave seaward ; 
the westammoat is shown on the pmfle (fig. 122) RS old dune ridge C.  
These ridges evidently mark successive positions of the beach as it 
propded. On the plain at the west side of Etienne Lake are two dune 
ridges concave toward the lake, T h e  mdiment load of the streams 
entering the lake is trapped by the lake, so that allr~vium is contrib- 
uted to the plain only from short s h p  gullies on the valley walls. An 
exposure cut in the plain by the outlet stream from Etienm Lake 
about 1,3m fwt inland from its mouth shows the following section: 

Th&kn%ae 
( fees)  

mid and p?Rt -,--,-,-------, ,- ------------------ - ----+----- ---------- 4% 
Band and gravel, hhorhontallg Ibedde8, probably alluvlal----d,-,-,------- 1 
Band and gravel, dipping abut 5' @award, probably a bmch depdt--+--- 26 
GmveI, perhaps a l l n ~ i a l , , - , , ~ , ~ ~ , ~ ~ - ~ ~ ~ ~ ~ ~ - ~ ~ - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ - - ~ - ~ ~ ~ ~ -  17 

a% 
A sample from the basal 6 inches of the poat .tat tho top of this section 
has been given a radiocarbon age of 1,750*100 years (Kulp and others, 
1951, p. W). This gives a, minimum age of tha construction of this 
part of the plain, previous to a 1 0 4  30-foot ~mergenm. 

Auburn Cove rrnd Etienne Bay slrow that ~ 1 1  Attn bays have not 
had the same history. Other bays also show different profiles. For 
instance, at Earle Cove n 23- to 26-foot-high abandoned berm, covered 
by turf and peat, lies behind the 13- to 16-foot-high modern storm 
berm. The scarp cut in this deposit by storm waves exposed a drift- 
wood log, tr sample from which has been given a radiocarbon age of 
650 150 years (Knlp ~ n d  others, 2952, p. 412). This must be older 
than the last slight emergma here. 

Beaches smaller than those of the large bays of Attu are mattered 
along the Near Idands sl~orslinea. Old abandoned beach ridpa com- 
parable to thorn of the large bays occur at the mouths of some small 
valleys, aa at the heads of Ameria Bay and RfcDanald Cove, Apttu. 
Alexai Point, Attu, is tied to the mainland by n tombolo &bout 1 
mile long. In front of many sea cliffs, especially the inwtive ones, lie 
narrow h c h w  mmmonly with storm ridges or berms. Each beach 
segment is bounded by pocky pointa at either and, and the size of 
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beach mabrial and the angle of slope of the beach are much mffected 
by the kind of bedrock within these bennds, as well as by degree of 
exposure to wave action. These benches are genemlly more stoi~y tllttn 
the large bayhead beaches. In some short beaches, such as one on 
Pntricia Bight, Agattu, fragments of green sen, urchin spines compose 
more than n quarter of the material. Narrow bertches 318 in front of 
the colluvial benches at  the bases of some inactive sea cliffs, and beach 
material may in part underlie t,ha benches. 

CHANGES OF ALTITUDE 

It wm concluded in n, previo~~s section that not all pnrts of the 
Near Islands had the snme history of predncial changes of nltitude. 
The shoreline deposits, previously discussed, and tha raised erosional 
platforms of Attu show that this conclusion may he extend& to pod- 
glacial time ns well. The large numher of small postglucinl fnults on 
Attu must have p d u c e d  differential movement of parts of the shore- 
line. Present shore platforms have been rerticall y dislocnted by recent 
faults near EarIe Corn and nenr Alexni Point, Attu; these plntforms 
am crossed by fnt~lt scsrp1e.t.s ns rn11c11 ns 3 feet high. 
The broadest and hiphest m i d  pmtglncinl platform of Attu is 

on the hedland emt of Encle Cove. I t  is about hnlf R mile wide and 
2% miles long md reach~q nn nltitude of nenrly IOU feet, Its surface, 
which is now covered wit11 re~tnt inn ,  h r s  scntted be~ch ridges 
ond groups of stacks, nnd the old cliff to the sosonth resembles the 
inactive cliffs along the prasent shoreline. On the temm am two 
recent fault scnrplets, ench trending sIfgEit3 y north of west and up- 
thrown to the north. The ernergenre of this singular platform is 
certainly the res~llt of locnl crastnl movement. An impressive group 
of closely spaced pnrnllel tear11 ridgvs, t , l~e inlnnd members of whicli 
reach nearly 100 feet in nltititde, l i p s  just east of this raised ~~Iatform, 
and may have emerged nt the same t r i m  RS the platform. 

The raised platforms m11 elsewhere on Attu, principally around 
RIwmcre Hay and the islnnds off Chicagof IIarhr, &re much nar- 
rower and Iower thnn the Earle Cove r a i d  platform. One near 
Murder Point (fig, 122) is  bout 1 0  feet. wide, and its bedrock 
surfwe, ns shown in a p c e l  pit exposure, is at an altitude of about 
7-10 feat; it is overlnin by h ~ c h  gravel about 11 feet thick, which 
is covered by dense turf and peat. 

Inwtive cliffs are sufficiently widespread to indicate a general post,- 
glaci~l chanfie of level in the Sear Islands. The slight emergence 
which t.hey record mny Zlelle res~~lted from eustrttic, isostatic, or dis- 
Stmphic movement, or nny combination of them. However, the oc- 



currence of I-L recent glacial enstatic emergence of about 5-6 feet has 
been widely i n f e d  (Stenm, 1941; Fairbridge, 1950, p. 350), and 
such nn emergence might well ttcmunt for the prev~lence in the Near 
Islands of inactire clifls and of slightly progrnded beacha at their 
basw. Thc evidence in the Near Isl~nds indicates a genmal emcrgenm 
of abut 6 4 0  feet. 

WXND ACTION 

D m  sand has accumul~ted behind beaches along the h'esr Islands 
shorelines where there is snnd on the h c h  and spnce between beach 
nnd cliff; and, of course, the broader and sandier the beaclt, the Inrger 
the dnnes. The Inrgest dune masses are on tlls modem and ancient 
beach ridges at the heads of the hap of Attn, previously rlescribed. 
Among the smJI  masses are the eolinn parts of colluvial benches in 
f ront  of jnnctive sen cliffs. On spnmly veptated modem storm-baach 
ridges m d  berms, such ns the 13-foot-high ridge at Auburn Cova 
nnd the 20-foot-high hm nt Etienne Ray (fig 1221, there is little 
dune sand became there is little to protect it from storm-wave ero- 
sion. Some snnd is blown inland onto tnrf-covered sl~rfnces beyond 
the reach of present ware nction nnd is fixed in position as soon as 
it falls into the dense low tqetntien. Snnd nccret ion on turf mmlts 
in nn unstmtified deposit after organic tnalerinl had been leached 
O I F ~ .  In some places, stlch hs the modern storm-ware scarp cut in the 
40-foot-high dune bench A at Ftienne Bny (fig. 1221, dune smd 
shows typicnl eolian crossbedding and must tl~erefors have heen 
depasited on a sl~rfnce nearly bare of vept~tion. It is unlikely thnt. 
nny rensonable chanp in Aleutian climate wonld res~llt in p n t e r  
snnd mobility arid Jess plant cover. Instead, s ~ n d  supply mny hnm 
been incmnsed by hencll widening, sr~cll would be cnusect hy n 
slight drop of sen level (cf. Judson, 1946, p. 38.384). Ths pnrnhlic 
dunes (concntw senmnrd) nn the crest of the 65- to 90-foot-high dune 
~ i d p  13 nt Etienne nny mnp have been formed under sirnilnr condi- 
tiom at an earlier time, 
On the north const of Shemyn, the 200-foot-high sen cliff is cnpped 

by eolian silt and .md, Imnllp 15 feet or more thick. This deposit 
extends 2OCL600 feet from the c.& of the cliff nnd is thinner inlnnd: 
it lins undulating bedding, and it contains scattered fimnules nnd 
pebbles np 50 three-fo~~rths inch in dinmeter. T t  is composed of 
~n~terial blown up from the bench nnd the cliff by strong onshorn 
winds. 3lemhrs of n 1949 field pnrty reported t l~nt.  they observed 
st~clr particles being blown up over tho crest of the cliff. A belt of 
dunes extends 500-2,500 feet inlnnd fmm the low south shore of 
Shemya and covers the low western peninsula, probnbly as R result 



of abundant sand slipply on the ndjoining bencl~es. Aside from such 
deposits, which nre reltttecl to coastal sources of materiral, there is 
very little evidenm of inlnnd wind nction in the Nmr Islands, not 
becausa of lnck of wind 11nt bccnus of the inhibiting effects of dense 
vegetntion and of the ~mnernt moistness of exposed fine-pined mate- 
rial. ,4 little mind erosion occurs on bare frost-disturbed ground, 
especially at high altitudes, where them is more sue11 b ~ r e  ground. 

The p m n t  climnte of the Kc'enr Islands, ns described in the first 
section of this report, is distinctly mnritirne, with cool summers and 
rnderate winters. The depth of frost penetration is pmbzblg no 
more thnn R fern feet, nt  Ienst, n t  loner altittrdes, and there fire 
probably mnny cycles of ~llnllow freeze and thaw in rr year. Extmpo- 
Intion, based 011 n likcly arlial~ntlc lapse mte, of the lnenn annual 
tempemntt~rc upward from sen level indicates tlmt the freezing 
isotherm lies nenr or nbove an nltitude of about 1,600 feet. Peren- 
nially froxen ground can 1% present only above that lave]. However, 
the relatively uniform distribution of precipj tntion thmugh tho year, 
the low evaporation rate, nnd tho nbzlndmce of moisture-retaining 
vegetation and pent combine to rnaint~in n high moisture content 
in the ground, ek-en without n prennially froxen substrattim, and 
t h ~  is conducive to strong ffmst nction. 

FROST-BREAKING OF ROCK 

Frost-brenking is by far the most important npnt of rock 
wenthering in the Xenr Islands, and, ns rliscnssed previo~isly, it  is 
especial 1 y effecti r e  in in tlte del-eIopment of the sl~ore plntf oms. The 
surface rind of some mks, especially rnafic igneous rocks, hm Esn 
nffected by oxidntion nnd other cl~emicnl n-eatIlering prmesses. Some 
rocks, especially mnssive tuffs, cropping ont nlong shorelines show 
crumbling nnd honeycomb wenthering, pmibl?; resulting from 
crystdlization of salt; some jointed tuffs h ~ v e  developed concentric 
oxfoliation sAe1ls in small joint blocks; and shallow chemical- 
wenthering profiles occur in s~~rficial material in some plnws. How- 
over, nlmost nll the s~rrficinl rnnntle consists of nngulnr fmst-broken 
fragments little modified by ~ l i ~ r n i c d  weathering. 

The ubiqnitous rnantrle of frost-broken innterinl shows n wide mnm 
of particle aims nnd dlnps in wens of different l~drock types. The 
closely jointed siliceous sedimentary mcks of Agnttu djdntep t t !  
rapidly into small nngt~lar blocks nnd chips. Spnrsely jointed ipoous 
rocks wlcll ns the Tertiary dixbnss on A p t t u  produco conspicuous 
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accumulations of large bouldem. In some p l m  the mantle includw 
much fine material, probably mostly of sand and silt gizes, and l i t t l ~  
clay. The smalle~t particIm visible with n hand lens are ~ngular, and 
frost breaking is probably responsible for reduct.ion of material to 
silt size (cf. Dylik and IClatkn, 1952; Ropkins, 1949, p. 121). Frost 
action shatters stones near the s~~rfflce in p v e l  or glacial till and 
loosens compact till. 

Disintegrrttion and r s m ~ v a l  of debris pnerally produce craggy, 
uneven summits and slopes on sparsely jointed socks, and smooth 
summits and slopes on clomly jointed rocks. Disinteption is 
particularly rapid on glacially steepened s l o p  where debris is 
rapidly removed. Many summer snowbanks in the rnountnins lie in 
shalllow bnsins, in bedrock or in mantle, that mag be nivation 
depressions. 

The thickness of frost-broken material is greater where the m k  
is reIatively easily shattered and whem the debris is removed only 
slowly. On flat or p t l y  sloping hilltops, the accumulated mnterid 
nt least partly pmkt ts  bedrock from further frost action; in the 
few vertical exposures seen the debris mas 1- than 3 feet thick. On 
some flat hilltops of the Apttrl plateau, tlze outcrop of faulted, 
tilted wdimentnry rocks is reflwtd in the thin mantle of debris on 
t,he bedrock. Debris must be much thicker on the lower parts of some 
slopes; se~era-l exposures ti feet deep did not show the full thich-. 

MASS MOVEMENT OF FROST-BROKEN MATERIAL 

The most importrrnt prwes  in postg'laciat slope sulpture is move- 
ment of the mnntle of frost-broken m~terial ttnder the influence of 
frost nction. 3lucli of the surface has microrelief features produced 
by frost-induced movement, of tlre rnrmtle. At no place were streams 
or rainwash seen to be dissecting such microrelief forms, and, as is 
mentioned in the discu~ion of postglacial stresm action, there is 
very little evidence of erosion by st~sface nlnoff in the broad inter- 
flurial arens, whem mrrssw~gting Is dominant, 

Several mom or less interdependent factors apparently nffect the 
movement of frost-broken rnnterinl in the N e ~ r  Islands: (a) angle 
af slope; {b) nmount of mil moist~ire ; (c) kind of plant cover ; 
(d) size of fragments; (e) altitude. Where slop angle, amount of 
soil moisturn, extent of plant cover, nnd fragment sim are all rnoder- 
nte., the debris pnerally forms turf-banked tarrrcces, which am 
dimmed in a sepamte section. 

S o  measurernenta have k n  mnde of rnte of movement of debris, 
but the appearance of slopes suggests that it probably is slow, of the 
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order of an inch to  a foot in a year. Tbe mantle of debris is structure- 
less to crudely &,ratified to fineIy laminated. On the hillside at the 
northeast corner of Knmb Cove, a roadcut shows that frost-broken 
rock has crept at let& 100 feet downslope on top of ~lwial till. 
Obscure furrows extend directly down some slopes. P4o indication 
of rapid flow of saturated rn~terial as mudflows was seen. 
, - Ott cliffs in the mountains and on the masts, small ma- and 
singIa fragments of frost-looened rock fall and ml1 dawn and 
acx~irnnlate RS taluses. I ~ r g e  masses descend as mkfalls and rock- 
slides, coming to rest as hummocky huldery debris. A rockslide 
rnrlss blocks the mouth of n small valley on the north side of Ft' r lenne 
Bay 1% miles northeast of Etienne H e d  ; the cliff cut in this mass by 
wave action exposes unsorted material consisting of m n y  large 
angular blocks in a coarse matrix. 'Rock glaciers in sorne of the 
cirques and upper valleys on Attu am probably derived from tal~ises 
or rockfall masses. 

Taluses show p e a t  differences in degree of weathering and extent 
of vegetation. 3Iost of those on Agatttl and nt lower altitudes on 
Attu (inclt~diag those of sea cliffs) am ~ipnrsely to heavily covered 
with vegtation except for small areas nt their apices, w h e m  
taluses high in the mountains of Attn are bare of vegetation rtnd am 
fresh in appearance, Tnh~m that are covered with veet-ntion appar- 
entIg have a very slow rate of nddit,ion of material, and it is not 
known whether they have been built at  t,he present rate within post- 
glacial time or whether they were constructed in part by stronger 
frost action during glacial time. 

Many slopes at middle nnd high nltitude~ are thinly and smoothly 
covered with frost-broken debris (fig. 188, upper right). Such slopes 
are generally vegetakl and nre steeper than adjacent slopes tltat 
h r  turf-banked terraces. Bedrock outcrops are common on some of 
these &lopes. Many gentle to moderahly steep s l o p  at law altitude 
am smd~thly mverd by turf and pent that a m  thick enough ta 
inhibit the formation of turf -banked terraces ~ n d  in p l m  probably 
thick enough to cornplehly p r o k t  the underlying debris from frost 
nction. Debria apparently moves by crwp or w1iAuction even below 
the depth affected by frost action, because of the generally large 
amount of rnoiskire nnd ab~mdanh fine-grained material. 

TURF-BANKED TERRACES AND STONE STRIPES 

Turf-banked terraces (fig. 123) are the principal microrelief 
fmtures of the mantle of fmst-broken rock on slopes. A terrace 
consists of a relatively @-ently sloping tread of bare or sparsely 
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locally reaches 75". At no place, llowe\-er, were such terraces wen to 
grade into vegetation stripes trending directly downslope (cf. 
Sipfoos, 1951, p. 289,295). 

Nearly every hilltop on the Agattu plateau is crowned by what is 
emntially a large turf-banked termce. Sue11 lrilltop terrnce has tl 

pntly convex sr~rf nce (comnonly bearing small slope terraces) and 
n prominent turf bank thnt nearly or quite surrounds it. The lobate 
bmk is the margin of the debris mass that has spread ou~tward from 
the exposed hilltop and has encroached on lower slopes covered with 
denser vegetation. Hilltop debris masses have spread outward from 
bedrock  outcrop^^ and some terraces have rock monuments at their 
centers. 

At Pow altitudes, down t o  100 feet above sea Ievel, where veptatioll 
is denser than at higher nltitudes nnd readily encroaches on bare 
nreas, turf-banked terrnces nre sparsely distributed ns isolated bare 
treads, rimmed 'by banks. At high altitz~des the dopes 011 which 
terraces are formed are gentler than nt the middle altitudes, roughly 
from 300 to  1,100 feet, in ~ I l i c h  terrnces are most extensive; ~egeta-  
tion is less dense and fmst nct ion is stronger. The most abundant 
mnt-forming plants are dwarf willows, mosses, nnd lichens. Terraces 
are smaller in all dimensions, nnd the treads nnd banks are less 
steep. On some slopes which h m e  too spnrse wgetrtkion nnd are too 
steep for well-formed terraces, there nre isolated terrnces consisting 
of low turf banks supparting mall treads. Terraces are absent from 
the ~t-p slopes of rngpd peaks, but they occur at ctltitudes near 
2,500 feet on the rounded summits on Attu 

Turf-bnnkd terrnces nre less well dereloped on parts of Attu than 
on Agattu, perhaps Seca~~se not so inany of the rocks on Attu nre as 
c lody  jointed and h d d d  RS those of Aptta  nnd thus do not break 
up as readily into s~nnll frngments. Terrces are absent from Shemya, 
for slopes on the plxteir~~ are too gentle to develop terraces at euch 
low nltitndes, and the slopes of the sen, cliffs arR too steep. 

The fonn of turf-banked terraces sl~ows clearly that the turf bank 
retards the downslope mass movement of t,he mck debris. According 
to Antevs (1932, g. 611, terraces nre formed w?len "very dow, viscous 
flow of debris is checked by den=, to11gIt tmrf." Pmbnbly pnrt of 
the movement is creep cxused by frost hesving, nnd part is viso~is  
flow in s n t u m t d  material ( Sigzfoos nnd Hopkins, 1952, p. 178-181). 
IVllen ground ice thaws in the spring, surface materials become very 
mobile. In the Near Islands the materia1 on the treads of many turf- 
bnnked terrae- is wet nnd unstable even in July and Aug~st.  

IsoInted terrnces form at low altikides in the Near Islands 
~llererer disrtrption of turf produces a frost scar; the materid t1111s 
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laid bare is mom mobile, and its downslope movement pushes up a 
bank of turf (cf. Hopkins and Sigafoos, 1951, p, 6 6 7 0 ) .  Isolated 
terraces form at high altitudes in areas of sparse vegetation wherever 
a mrtt of plants bcomes large and well anchored by roots md retards 
the downslope movement of the looser material from upslope. At 
intermediate altitudes, where terraces are most extensive, the inter- 
&ion of mass movement and vegetation over a period of time 
produces essentially an equilibrium condition of terraces of subequal 
size and spacing, The nvailwble data do not show how long a terrace 
rnnintains its identity, or how far down a slope i t  may move, or liow 
fast it moves. Some forms saen in the field appear to be old terraces 
being stabilized by vegetation and new terraces dedoping from 
h s t  scars. These two p r m m s  nre probably approximately in bal- 
anm on B s l o p  such as that shown in the lower part of figure 183. 

On Agattu, stone stripes similar to those discussed by Sharp (1042) 
occur at rnmoderata illtit,ndes on bare, relatively fine-pined debris. 
!I'hey are generally on slopes of 4" to 10" and rarely as much as 24". 
Such situations are Jmmt entirely on the t m d s  of turf-banked 
terraces. Stone stripes nre best developed in debris that is mostly 
finer than 1 inch. 'The stripes of stones and the intervening stripes of 
finer materid are subequal in width, ranging nt different places 
from 2 to 7 inch-. The stone stripes are composed mostly of frag- 
ments between and 4 inches, with little finer interstitial material. 
The intervening earthy stripes consist mostly of particles less than 
one-fourth inch, with much material of sand and silt sizes. The stme 
stripes are somewhat less deep than they are wide, and their stonerr 
have bean segregated out of the underlying and adjacent poorly 
sorted mataerial. 

Stone dripes everywhere e x h d  exactly dawnslope and nre curved 
smoothly around irragulrtrities and obstntctions. Where constrictions 
occur, stone stripes converge and join. Slope mantled by debris that 
contains but a small proportion of fine particles show lineation of 
stones or crude striping in places, but not the regular sorting of 
well-developed stripes. Stripes fade out where slopes become too 
steep for their development ; nt different places the maximum angle 
of sIops on which they occur is 6" or more. On steeper dopes, there 
is downslop lineation of rock fragments or crude striping in pluces. 

Stone stripes am very rarely found on slopes of less thnn 4". 
Nearly horizontal t m d s  ocxur in many places, particullarly in the 
central parts of large hilltop terraces, but wry little sorting of 
debris has m m d  on them. Platy fragments commonly stand on 
edge, but without rt distinct pattern. Stone nets 1 3  feet in diameter 
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&nd stone prlands were seen on n few t,errace trends and on R few 
lake-shorn flats, 

FROST-PRODUCED PONDS AND TUSSOCKS 

Besides the ponds of clearly glncinl or marine origin in the Near 
Islands, there are many that nppear to hnve been p d u m d  by local 
d i a l  ice thrnst: Thew do not lie dong distinct water courses, but 
in p r l y  drained, flat or gently sloping nmas, and are characterized 
by low rims of t w f  misd nbwe the surraunding R ~ S .  On slopes 
the rim is poorly developed or ~ h n t  011 the 11pllil1 side of the pond. 
Few snch ponds nm p r ~ ~ w n t  n h v e  nn nltitude of 1,000 feet, and 
almost none occur nbo\-e 1,500 feet. The bottoms are composed of 
peat, frost-broken debris, or other surficinl deposits. 

Most rimmed ponds in the areas sttidied are within t.he following 
Urnits: They are on flnt, nmns or on slopes of less than 10"; their 
diameters rango from :3 to 35 feet; on Plat a m s  their rims are less 
than 2 feet and flnernlly nbo~rt 1 foot nborre the slrrrotmding surface; 
the water in the ponds is +!! to ll/z feet deep n a r  the margins and 
is generally no more thnn 3 feet deep in the centem of the larpr 
p d s .  On flat nrwns, wntar levels in rimmed ponds are genemlly 
within 1 fmt nbove or below the level of the surrounding surfnce 
bepnd the rim. (A few smnll ponds an flat valley floors have rims 
RS high RS 4 feet, water levels ns much as 3 feet above the surround- 
ing snrfnm, rcnrl depths of more than 6 feet; and a few other such 
ponds lack raised rims. Low rims are composed of turf and pent, 
btit the gmd mnter retentiveness of some large rims sngflsts they 
llnve silt cores. O~itflow from most ponds is by seepage tllrough the 
rims, not by surface outlets. 

Field nbwrat ions sl~ow a nearly continuous series of pmds, from 
small frost XRTS to well-de~-eloped rimmed ponds, nnd this is believed 
to be n genetic qtience.  On better drnined, pnemlly steeper slopes, 
fmt scars develop into t;rrrf-hnkd terraces. On poorly drnined flnt 
nrens or gentle slopes, R rim <mn he. m i d  nro~ind n frost wnr by 
diflerential freezing and frost thrusting (cf. Fhpkins nnd Signfoos, 
1051, p. 76-84). Tl~e freezing isotl~erin i s  cleeller hnenth m frost 
scar than benentll the surro~~ndin~  turf, and, :IS frost thrusting is 
normal to the isotherm, the dope of the isotherm results in a lateral 
component of prermlre. 

An incipient rim encloses a shnllow bnsin that can contain standing 
water at least part of the t h e ,  and from which some fine-gminwl 
material, organic and inorganic, mny be decnnted at times of over- 
flow. However, large weI1-formed rims are believed to be due to 
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thrusting by pond ice as a mndt of tempernture changes. Rims are 
pnernlly nbsent from the nplill sides of ponds en slopes k m s e  
thrusting stress is more ensily reliered by movement on the other 
~ides. Small break.ks in rims nre healed by plant growth. The term 
"thrust ponds'' (Ires, 1941, p. 2 W 2 9 5 )  may be ltsecl for rimmed 
ponds in the Near Tslnnds, nIthongl1 l\-es?s suggestion that. deer 
cnused the original depressions is innpp1irrrMe Irew. 

Advanced a g e s  of developmmt of t hnist, pncls nm mnrked by 
decrease in depth of water due to deposition of fine-jiminwi wdiment 
contnining much o r p i c  matter. Rnsin floors nre inrnded by plilnts, 
commonly pure stands of one of seveml nquatic plants. No basin 
with n. b m l ~ d  rim rnm wm; lowering of water level m111ts fmm 
drainage through or under turf rind pent. A fern recently drnined 
bnsins had funnel-shaped holes in the pent of their flnoru; rind were 
apprrrently drnined rapidly by the opening af tl~nilels in the peat. 
KO turf-covered abandoned basins were seen; once they nre drained, 
their faint topogmpllic expression proljnbly disappears rapidly. 

The thrust ponds nnd drnined tlln~st-pond bnsins of the Near 
Islands superficinlly resemble the fmkzres described by Hopkins 
(1949) ns  t llnw Inkes nnd t l ~ r ~ w  sinks. IIowerer, thaw lnkes and sinks 
lack m i d  rims nnd nre for~neri l ~ y  differenbin1 thawing and subsi- 
dence of perennially f r o r ~ n  ground. 

Anotller common type of pond is reprewnted by t,ha chnins of 
small pools up to 2 feet wide dint are sepn~xted from each otlrer by 
densely vegetated hnrs dong clinnnels. Tile bars seem to m u l t  from 
the nmntantion of stnnll cllnnnel irregularities by plant growth, 
commonly wit11 the development of n plunge pool blow each bnr, 
cempnrnblc! to the "stnircnse ~>onds" of Ives (1941, p. 287-290). 

'In some plnces nt low nltitncies, on ru~identified coarse pass 
llrod~lces tussock thnt nre ns rn~~cli xs 2 feet high, are closely spaced 
nnd very ~ B I I S ~  ~ n d  totlgli, nnd t~re  locnlly xrrsnged approximately 
in Jinw down pntle or modewe slopes. SmaIIer tussock3 are c o n  
lnon when ~nosses are the most ~bttndnnt plants. No obssrvntions on 
t ~ l s m k  origin were mmnde in the Kear Islands, hnt formation of aomc 
tussocks hns Been ntkihlted to diflerentinl fmt heaving (Sipfoos 
nnd I-Iapkiis, 1051). 
In coastal nrens of the Nenr Tslands, conspicuous isolnted tnssocks 

or dense clumps of lnxnrixntly growing plants are npparently cnllseci 
by manuring by birds n ~ i d  foxes. Along some fox trnils are cl~lrn~m 
nbouh 1 foot high, co~nnlonly ,pwing  arotrnd h ~ ~ i d e r s ;  fox 
droppings mere found on some of these, I so ln td  rock mo~~uments 
and boulders an some hilltops and ridges 11nt.e h e n  trwd as prdm 
by birds, ns is shown by nbnndnnt bird droppings; nrn~~ncl the* 
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perches, grnmes and other plants grow lnxl~riantly. Sr~ch b i d  perch- 
11nve h e n  noted else~vl~er-e in tlre Alentixns (Collins and others, 
1945, p. 69 ; Kellogg nnd Sj*gnrd, 1951, fig, 126 ; 'rl~ompsnn, 1051). 

EARLY POSTGLACIAL FROST ACTION 

During the disappearance of the large Wiscmslnnn glaciers, the 
climate of tho Xenr IsInnds must Irnre hen more rigorous than that 
of the prwcnt. The best physical evidence of late-glacial or early 
postglncinl rlimate was found in nn escav~tion near the north end 
of tllc nirficld nt Massacrrr Hay, Attu. The materials oxposed am: 

Thiokneer 
( fee t  

TnsS and bmnlsh-black ~ t - - , - - - - - - - - - - - - - - - - - - - ~ - - - - - - - -  1 
Rand and rrllt, pebbly, rrndrly atrntified ; frmt-mored matcrlal---------,, 1 
Glacial tl11, yellawlsh-hmw11. a i l t ~ ,  with rdlom mndy mas- ,--,--,----- 31h 
Bedrwk, purpliwh-gmy, rrm fine gminerl, soft, with two hlack carbonn- 

c e o ~  lnyer.4; pro1)nbly ,nt[ nlkretl volmnic rock ------,,,--,,,,-------- 4 

9% 

Several wedge-shaped mnsm of till extend 1 to 334 feet downward 
in tho bcdrock. The vredgps are 1 inch to 2 feet wide, and they 
c x h d  mveral feet horizon t,n-lly at different angles to the face of the 
exposure. Tlle deformation of the cnrlmnweous layers in the bedrock 
shows t.hat the fissuws no\\- filled by till were opencd famfully, with 
tho exertion of sidewnrd pressure. 

The wedge str~lctures were f o m d  pmhl~lg by ice wedges in 
perennially fm7,n p i l ~ l d  nnd filled Ijy sll~mping fmm a h v e  when 
the ground t l t ~ w d  (cf.  Ti~ber, 1!)4:3, p, 1510-1527 and iIlns. ; Scllnfer, 
1949, p 165-171). The \\-wlp stnictnres extend abo~tt 2 feet upward 
in the till a h r e  t.he h d m c k .  Therefore, nt. the time of the ice weclgp~ 
the nnnanllp frozen-nnd-tl~n\\-ed surface l n p r  was a b u t  2 to 2?4 
feet thick. Perenninllg frozen p t l n d  exists only where the mean 
annunl t empr~tnre  is nt or be lo\^ 32°F (Taber, 1943, p. 1506). A.; 
the mmn annunl tern~xrnture nb Ilr~ssncre Hny is now nbolit 38°F 
(k-d on 22 months' record), this indicates n, rise of nt least 6 O F  
since the time of formntion of the ice ~vedpps. Tho nearest area where 
perennially frown grol~nrl t t o ~ ~  O ~ ~ U P F (  in Alnskn is near the ]lend of 
Jkistol Bay, mom t l l n n  1,200 inilcs enst-nortllenst of the Nexc Islands 
(Hopkins and others, 1956, fig. 5) .  

Other features possibly indirnting stronger frost acttion in the 
m e n t  past nre the involutions in snrf cia1 deposits rrt the east* qunrry 
on Shemya. A layer of peM)ly, silty snnd, originxIly 1-2 feet thick, 
has been strongly deformecl, nlid tonp~m of it thrnst. downword into 
well-hdded snnd. These tonp1e.s nre nearly eq~~idimensional in plan. 
They are most likely in~rolat~ions p r o d u d  by diffemntial frost 



heaving in ground mdered unstable by the growth and thawing 
of ground ice masses. They are not now forming here, for the &foot 
cover of turf and peat, which evidently protects the sand from 
strong f m t  action, is not affected by the deformation. The involu- 
tions are older than the peat layer, and although the m d e r n  climate 
might produce involutions on bare ground, this a m  presumably has 
not been bare since early postglacial time. A similar conclusion might 
be reached about the age of conspicuous frost Bhattering of stones in 
gravel beneath several feet of peat in the west quarry an Shemya. 

Large taluses that are mostly covered with vegetation may have 
baen constructed during a time of stronger frost &ion, as previous1 y 
mentioned. Any other snrface frost features formed at a time of 
diffemnt olimate hare h e n  effaced by rnodcrn frost action. 

SUMMARY OF GEOLOGIC HISTORY OF THE NEAR ISLANDS 

The oldest mks of the Near Islands are a thick heterogeneous 
sequence of chert, argilli te, graywacke, conglomerate, tuff, tuff 
breccia, and pillow lavas deposited in s tectonicdly and volcanically 
active marine envimnmnent and on surfaces of considamble t o p -  
gmphia  relief, probably with local islands during 1s;te Mesozoic or 
early Tertiary time. The absence of potash feldspar, whist, or gneiss 
in the detritd material, together with the lam content. of quartz 
p i n s ,  suggests that the area was not receiving detritus from a 
continental terrain. Intrnsion of albite p n i t s  and diabme or gabbro 
may have nccornpanied or closely foIIawed the voPcanism and may 
have been responsible in part for the spilitic character of many of 
the volcanic country mcks. This heterogeneous sequence now forms 
the bmernent m k s  on Attu and Agattu and the Hrugloi Formation 
on Agattu. 

Uplift accompanied by deformation then Ied to subaerial erosion 
of the basement m k s  of Attu; and the detritus was deposited as 
marine graveIs and graywacke which rest unmnfamably on the 
basement rocks and constitute the h'evidiskov Formation of ~011th- 

western Attu. Dnring Miocene( P) time, quiet marine sedimentation 
in a slightly euxenic basin followed without interruption and formed 
the well-banded and bedded argilIite, chert, limestone, and pebble 
conglomerate beds of the Chuniksak Formatian. At about the snme 
time pavel, carbonaceous sandstone, and siltstone were apparently 
hing deposited along shores and in lagoons to form the Chirikof 
Formation of  eastern Attu. 

Gabbro and diabaae of tholeiitic type then intruded the basement 
rocks of Attu and Agattu-the Krugloi, Nevidiskov, and Ghuniksak 
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Formations-to form many dikes, sills, and sm dl irregular plutow. 
Intrusion of albite granite and keratophyric dikes pmhbly a c m -  
panied the gabbro and diabase. During middle Tertiary time 
extensive faulting, both normal and strike slip, formed a reticular 
pattern with predominantly east, northertst, mdi northwest twnds, 
and broke the rocks into numerous f n ~ t l t  blocks. Uplift accompanied 
this faulting, and, with the exception of the basement rocks of 
Shemya, the younger deposits that nre now to be man were subaerial. 

Stream p v e l s ,  volcanic mndflaws, and hornblende-bearing lttva 
AOWS were deposited on the slibaerinl erosion surface after the middle 
Tertiary uplift to become the. Mnssacre Bf~y Formation of eatern 
Attu, and possibly during or near this time the hornblende rtndesite 
and dacite dikes of Chlrikof Point mere intruded. Near this timo 
dm the mads and silts that bcarne the basement m k s  of Shemya 
were being deposited in n m~rine environment. Later the andesitic 
nnd basaltic tuffs of she my^ were erupted, in part ~t least under 
water or ice, and were intnrded by the mal l  plugs of basnlt 
porphyry. At some indefinite time, probably late Tertiary, volcanic 
activity occ~~rred at the site of the present  eastern tip of Agattn 
Jsland, leaving R mdinting system of d~cite prphm.  Jnst before 
the glacial period, the recl mnglomerates ~ n d  sands of the Faneto 
Formation were depsited by streams in central Aft.u. Thro~~ghout. 
the late Tertiary, normal and strike-dip faulting continued in the 
area, displacing the b d s  and strandlines. 

Prominent effects of glaciation of Wjm-nsinan Age am found in 
the Near Islands, and evidence of whatever mrlier glacial advanca 
that may have occurmd has been obscured or destro-md. The TVjson- 
sinan glmiei eroded deep troughs in the mountaino~ls highlnnds of 
Attu and Aptt11, and spread out onto the submarine shelf surround- 
ing the islands. h h t  of the ice-transported debris wns rtppnrentlp 
deposited on the sheIf, now submerged, and outwa~h t,rrhins from 
recessional glacier stages partly filled some of the Attu vdleys. 
Postglacial stream erosion and depmit.ion and wind mt,ion hnve been 
dight in most places, and most of the postglacial weathering of bed- 
iwk and movement of debris on slopes has been accomplished by 
frost action. A marine bench crrt in bedrock along rnnny parts of 
the p-nt shorelines, and backed by inactive sea cliffs, suggests a 
enersl  postglacial lowering of sea ler-el of about feet, but 
differential postghcial uplift of some parts of Attn is demonstrated 
by raised beaches and erosionnl hncl~es nE difiemnt altitudes in 
different places. Fault scarplets cntting the turf mantle of Attu 
show that faulting and deformation is  st i l l  continuing. 

4 0 7 4 6  0-71-8 
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